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EXECUTIVE SUMMARY 

The Ernest Orlando Lawrence Berkeley National Laboratory (Berkeley Lab) is currently in the 

Corrective Measures Study (CMS) phase of the Resource Conservation and Recovery Act (RCRA) 

Corrective Action Process (CAP).  A CMS Plan was prepared by Berkeley Lab (Berkeley Lab, 

2002a) and approved by the California Environmental Protection Agency (Cal-EPA), Department 

of Toxic Substance Control (DTSC) on June 18, 2002 (DTSC 2002).  The CMS Plan established 

the requirements and procedures to be used for completing the CMS.  This report describes the 

results of the CMS, which was conducted in accordance with that approved plan.  The purpose of 

the CMS Report is to recommend appropriate remedies that can eliminate or reduce potential 

risks to human health from anthropogenic chemicals in soil and groundwater, and protect 

groundwater and surface water quality under provisions of the Porter-Cologne Water Quality 

Control Act (Division 7 of the California Water Code).   

The Ecological Risk Assessment (ERA) (Berkeley Lab, 2002b) concluded that there are 

currently no hazards to ecological receptors (plants or animals).  The Human Health Risk 

Assessment (HHRA) (Berkeley Lab, 2003a) identified the chemicals of concern (COCs) at 

Berkeley Lab as volatile organic compounds (VOCs) and polychlorinated biphenyls (PCBs).  

Risks from these chemicals were estimated by calculating theoretical incremental lifetime cancer 

risks (ILCRs) and non-cancer hazard indices (HIs), assuming an industrial/institutional land use 

scenario.  This scenario is consistent with the current and potential future land use at Berkeley 

Lab.  These calculated measures of risk were compared to established threshold values.  The 

theoretical ILCRs were compared to the United States Environmental Protection Agency 

(USEPA) target cancer risk range of 10-4 to 10-6, which is considered by the agency to be safe 

and protective of public health (Federal Register 56(20): 3535, Wednesday, January 30, 1991).  

Exposure to chemicals with a Hazard Index (HI) below 1.0 is considered unlikely to result in 

adverse non-cancer health effects over a lifetime of exposure, so the calculated HIs were 

compared to this value.  The HHRA also addressed protection of beneficial uses of groundwater 

by comparing COC concentrations to drinking water standards.  Based on these comparisons, the 

HHRA recommended that four areas of soil contamination and eleven areas of groundwater 

contamination should be further evaluated in the CMS.
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The initial step in the evaluation process was development of Corrective Action Objectives.

The objectives were developed based on both risk-based and regulatory-based criteria.  The 

primary Corrective Action Objective, which is risk based, is to reduce COC concentrations, so that 

theoretical ILCRs are less than, or at the lowest reasonably achievable level within the USEPA 

target range for risk managers (between 10-4 and 10-6) and HIs are less than 1.  Although an 

ILCR anywhere within the USEPA target range for risk managers (also referred to as the “risk 

management range” is considered to be safe and protective of public health, the lowest 

reasonably achievable level within the risk management range was selected as the risk-based 

Corrective Action Objective for the following reasons:  

1. The USEPA has expressed a preference for cleanups achieving the more protective 
end of the risk range (i.e., 10-6) (USEPA, 1997).

2. The DTSC has also expressed a preference for the cleanup achieving the more 
protective end of the risk range (i.e., 10-6), if reasonably achievable.  The required 
cleanup levels will be specified by the Standardized Permits and Corrective Action 
Branch of the DTSC in a modification to Berkeley Lab’s RCRA Hazardous Waste 
Handling Facility Permit.   

3. Institutional controls will be required for those areas where the theoretical ILCR>10-6

and/or HI>1.  These controls would result in added costs for new building 
construction and possibly preclude development in some areas.  

The following Corrective Action Objectives were developed based on regulatory 

requirements that address concerns other than direct exposure pathways to workers at Berkeley Lab: 

Protect and/or restore groundwater quality to levels that are protective of beneficial 
uses (i.e., COC concentrations less than or equal to Maximum Contaminant Levels 
[MCLs] for drinking water in areas where groundwater meets State Water Resources 
Control Board [SWRCB] criteria for potential drinking water sources under 
Resolution 88-63). 

Control the migration of contaminated groundwater so that COCs do not migrate to 
groundwater in adjacent uncontaminated areas or to surface water.   

Control the migration of contaminated groundwater so that COCs above risk-based 
levels do not migrate to groundwater in adjacent areas where concentrations are 
below risk-based levels.   
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These objectives were selected for the following reasons: 

1. They are California state requirements specified in Resolutions of the SWRCB under 
the Porter-Cologne Water Quality Control Act.   

2. Institutional controls will be required for those areas where the groundwater is 
considered a potential drinking water source and MCLs are exceeded.

There are various costs and benefits associated with compliance or non-compliance with 

the risk-based and regulatory-based objectives listed above.  Cleanup to less stringent risk-based 

levels (e.g., 10-4 or 10-5 rather than 10-6) would be less expensive and would still be in the range 

that is considered safe and protective of public health.  However, less stringent cleanup levels 

would result in added costs for new building construction and would possibly preclude 

development in some areas.  In addition, there would likely be a negative impact on the value of 

the property (land costs on the order of $100/square foot are typical in neighborhoods adjacent to 

Berkeley Lab).  Less stringent risk-based levels would also adversely affect the project schedule 

and incur additional costs since they would require negotiation with the regulatory agencies.  

Non-compliance with the regulatory-based objectives or risk-based objectives required by the 

regulatory agencies could result in enforcement actions and resultant legal costs.  

Media Cleanup Standards (MCSs) were developed to address both the risk-based and 

regulatory-based Corrective Action Objectives.  Two sets of risk-based MCSs were developed 

for VOCs: the first set, the target risk-based MCSs, was based on theoretical ILCRs of 10-6 and 

non-cancer HIs of 1; the second set, the upper-limit risk-based MCSs, was based on theoretical 

ILCRs of 10-4 and non-cancer HIs of 1.  

Regulatory-based MCSs associated with protection of potential future drinking water 

sources are considered applicable in areas of Berkeley Lab where the groundwater meets 

SWRCB well yield criteria (>200 gallons per day) for potential drinking water sources.  MCSs 

for groundwater in those areas were set at MCLs for drinking water.  Regulatory-based MCSs for 

VOCs in soil in those areas were set at levels that would protect groundwater from adverse 

impacts that could potentially result in COC concentrations exceeding MCLs.   
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In addition to MCSs, a compliance level of non-detect was set for areas of groundwater 

and surface water that are not currently contaminated, but could potentially be impacted by 

migration of COCs.  This addresses the SWRCB non-degradation policy (Resolution 68-16) 

under the Porter-Cologne Water Quality Control Act. 

Potential corrective measures alternatives that could meet the Corrective Action Objectives 

were identified.  The alternatives were selected from the following general categories: 

No Action 
Risk and Hazard Management 
Monitored Natural Attenuation 
Containment and Hydraulic Control 
Active Treatment/Disposal. 

The corrective measures alternatives that were recommended for implementation were 

developed from the list of identified technologies using the following procedure:

1. Selection of technologies that are potentially applicable to the COCs (VOCs and PCBs).

2. Preliminary screening of those alternatives based on potential applicability and 
effectiveness in achieving MCSs and/or protecting human health under site-specific 
conditions.

3. Evaluation of retained alternatives to assess whether they could potentially meet the 
following standards:

Protect human health and the environment 
Comply with applicable standards for the management of waste 
Attain MCSs 
Control migration (if applicable) 

4. Development of the specific Corrective Action Objectives that are applicable at each 
area of groundwater or soil contamination.  

5. Evaluation of the retained alternatives that could potentially meet the area-specific 
Corrective Action Objectives using the following decision factors: 

Long-term reliability and effectiveness  
Reduction of toxicity, migration potential, or volume of the COCs 
Short-term effectiveness 
Cost.

6. Recommendation of corrective measures for implementation. 
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Based on the screening process, the following technologies were retained for the site-

specific evaluations applied to each of the areas of soil and groundwater contamination. 

Soil

No Action 
Institutional Controls 
Containment (Capping, Solidification, Stabilization) 
Chemical Oxidation 
Soil Vapor Extraction (SVE) or Dual Phase Extraction (DPE) 
Thermally Enhanced SVE/DPE 
In Situ Soil Flushing (with water) 
Soil Mixing 
Excavation with offsite disposal. 

Groundwater

No Action 
Monitored Natural Attenuation (plume core and periphery zones) 
Institutional Controls 
Containment (slurry walls, sheet pile walls, grout curtains) 
Groundwater capture (drains, trenches, extraction wells) 
Permeable Reactive Barrier and Funnel and Gate  
Chemical Oxidation 
Enhanced Bioremediation  
Groundwater Extraction/Flushing 
Dual-Phase (groundwater and soil-vapor) Extraction. 

Where cleanup of solvent-contaminated groundwater to MCSs is demonstrated to be 

technically impracticable, provision is made for developing an alternative remedial strategy 

protective of human health and the environment. 

The following table describes the specific corrective measures alternative recommended 

for implementation at each area of soil and groundwater contamination included in the CMS.  

The potential human receptors of concern and exposure pathways for which COC concentrations 

currently exceed target risk-based MCSs are also provided in the table.  In addition, regulatory 

compliance issues are noted where applicable.  The list of corrective measures alternatives is 

based on cleanup to the target risk-based MCSs (theoretical ILCR = 10-6 and HI = 1) or the 
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regulatory-based MCSs (MCLs), whichever is applicable.  Cleanup to regulatory-based MCSs 

associated with protection of potential future drinking water sources applies to areas where 

groundwater meets SWRCB criteria as a potential drinking water source (well yield is 200 

gallons per day or greater).  Cleanup to risk-based MCSs, which are less conservative than 

regulatory-based MCSs, applies to all other areas.  Regulatory compliance measures to prevent 

the migration of groundwater COCs to areas of uncontaminated groundwater or to surface water 

are applicable in all areas where migration is a potential threat.  

The HHRA identified PCBs as the COC at two units, the Building 88 Hydraulic Gate 

Unit and the Building 75 Former Hazardous Waste handling and Storage Facility.  Subsequent to 

completion of the HHRA, Berkeley Lab conducted Interim Corrective Measures (ICMs) that 

resulted in reduction of residual PCB concentrations to less than the proposed MCS of 1 mg/kg 

at both units.  The MCS for PCBs was set at the Toxic Substances Control Act (TSCA) (40 Code 

of Federal Regulations [CFR] Parts 750 and 761) self implementing cleanup level of 1 mg/kg, 

for soil in high occupancy areas, which is both a risk-based and regulatory-based level.  No 

additional corrective action is recommended for either of these units.
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(Draft) RCRACMS Report xviii July 2004 

Cost estimates to achieve both risk-based cleanup levels and cleanup levels based on 

protection of potential future drinking-water sources are provided in the following table for each 

soil and groundwater unit.  Although the target risk-based MCSs have been set at a theoretical 

ILCR of 10-6 and HQ of 1, estimated costs for cleanup to the upper-limit MCSs (theoretical 

ILCR = 10-4, HI = 1) and to an intermediate level (theoretical ILCR = 10-5, HI = 1) are also 

provided for comparison.  Where cleanup to levels that are protective of potential drinking-water 

sources is not required, cost is shown as $0; however, risk-based cleanup and the associated costs 

shown will still be required for those areas.  In addition, the incremental costs associated with 

controlling migration of contaminated groundwater are also provided, where applicable.  

Although these costs are indicated under regulatory compliance, if current migration control 

measures were terminated, there could also be a potential risk to the environment.  The total 

costs of recommended corrective measures shown in the right-hand column of the table are based 

on the recommended level of cleanup (target risk-based MCSs or MCLs, whichever are 

applicable) and any recommended migration control measures. 
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SECTION 1 

INTRODUCTION 

1.1. PURPOSE AND SCOPE 

The Ernest O. Lawrence Berkeley National Laboratory (Berkeley Lab) has prepared this 

Corrective Measures Study (CMS) Report in accordance with the terms of its Hazardous Waste 

Facility Permit, issued by the California Environmental Protection Agency Department of Toxic 

Substances Control (DTSC) (DTSC, 1993).  The requirements for completing the CMS and 

preparing this CMS Report were based on the provisions of the Permit and the guidance 

provided in the USEPA RCRA Corrective Action Plan (USEPA, 1994).  Those requirements 

were incorporated into the CMS Plan (Berkeley Lab, 2002a), which was submitted to the DTSC 

on May 24, 2002, and approved by the DTSC on June 18, 2002 (DTSC, 2002).

The primary purpose of the CMS is to provide the information necessary to support the 

DTSC in the selection of remedies to be implemented at Berkeley Lab, so that risks to human 

health and the environment are eliminated, reduced, or controlled.  The first step in the CMS 

consisted of characterizing the risk to human health and the environment.  This step was 

addressed by completing both a Human Health and an Ecological Risk Assessment (HHRA and 

ERA) (Berkeley Lab, 2003a, 2002b).  The risk assessments evaluated potential present and 

future human health and ecological risks associated with environmental contamination, assuming 

that no cleanup activities would take place at the site.  The results of the risk assessments are 

summarized in Section 1.3.4.

In order to provide the necessary information to support the DTSC in its decision making 

process, the CMS Report first screens various corrective measures alternatives that could reduce 

or eliminate potentially adverse effects to human health or the environment from chemicals of 

concern (COCs) in environmental media at Berkeley Lab.  The CMS Report then compares those 

alternatives that passed the initial screening process based on a formal evaluation procedure, and 

recommends which alternatives should be implemented.  The report also recommends media-
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specific chemical concentrations (Media Cleanup Standards [MCSs]) that corrective measures 

should ultimately achieve.

Section 1 of this report contains the background information and includes: the purpose 

for conducting the CMS; a description of the site; an overview of regulatory oversight, a 

discussion of the Resource Conservation and Recovery Act (RCRA) Corrective Action Process 

(CAP) at Berkeley Lab; and a description of the CMS process, including the methodology and 

results of the previously completed risk assessments.  Section 2 contains a description of the 

physiography, geology and hydrogeology of Berkeley Lab.  Section 3 presents a detailed 

description of the methodology used to complete the CMS.  MCSs are developed and potential 

corrective measures alternatives are evaluated for VOCs (primarily solvents and solvent-related 

chemicals) in Section 4 and for PCBs in Section 5.  Sections 4 and 5 contain a unit-by-unit 

discussion of the following: 

Physical characteristics, including geology and hydrogeology 

Current conditions, including the magnitude and extent of contamination 

Interim Corrective Measures (ICMs) and/or pilot tests that were implemented 

Proposed Media Cleanup Standards (MCSs) and Points of Compliance (POCs) 

An evaluation of corrective measures alternatives  

Recommendation of corrective measures to implement. 

1.2 SITE DESCRIPTION AND OVERVIEW 

Berkeley Lab is a multi-program National Laboratory managed by the University of 

California (UC) for the United States Department of Energy (DOE), with primary funding and 

oversight provided by the DOE.  It is located in the Berkeley/Oakland Hills in Alameda County, 

California and encompasses approximately 200 acres adjacent to the northeast side of the UC 

Berkeley campus (Figure 1.2-1).  The western three-quarters of the site are in the city of 

Berkeley and the eastern quarter is in the city of Oakland.  The property consists of 29 parcels 

that are separately leased to the DOE from the University of California.  DOE renews its contract 

with UC to manage the site every five years, at which times expiring leases are renewed for the 

five-year term of the contract. 
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Approximately half the site is developed and half is open space.  The developed areas 

include buildings, paved areas, and landscaped areas.  The buildings house laboratories, offices, 

meeting rooms, and fabrication/maintenance shops that support Berkeley Lab research activities.  

In addition, the site has a hazardous waste handling facility, a fire station, and a medical clinic.  

In general, the structures at Berkeley Lab are owned by the DOE.  In 2002, there were 110 

buildings of conventional construction and 86 trailers and other structures on the site.  The site is 

fenced and access is restricted. 

Berkeley Lab is bordered on the west and northwest by private homes and multi-unit 

dwellings.  To the west-southwest are student residence halls, the UC Berkeley campus, and the 

downtown area of Berkeley.  North and northeast of Berkeley Lab are the University’s Lawrence 

Hall of Science, the Space Sciences Institute, and the Mathematical Sciences Research Institute.  

To the east, the land is mostly undeveloped and includes Tilden Regional Park and open space.  

The area to the southeast, which is owned by UC, is maintained largely in a natural state and 

includes UC-Berkeley recreational facilities and the University Botanical Gardens. 

Berkeley Lab began operations as an accelerator laboratory in 1931 on the campus of the 

University of California at Berkeley.  In 1939 the Laboratory moved to its current location with 

the construction of the 184-Inch Cyclotron.  The area of the cyclotron building (the original 

Building 6) and adjacent support shops and laboratories to the north and east of Building 6 

formed the core of Berkeley Lab operations throughout the 1940s, and therefore is commonly 

referred to as "Old Town".

From an initial emphasis on high-energy and nuclear physics, research at Berkeley Lab 

has diversified to also include material sciences, chemistry, earth sciences, biosciences, 

environmental sciences and energy sciences.  Berkeley Lab is in the process of preparing an 

updated 2004 Long Range Development Plan (LRDP) (Berkeley Lab, 2003b), which will 

address continuing and future uses and activities at Berkeley through 2025.  The Land Use Plan, 

included as part of the LRDP, would include the following three categories of general 

development zones consistent with current land use at Berkeley Lab: 

Facilities Development Area – research and support activities.  Would encompass 
primarily the already developed central portion of the Lab. The LRDP would promote 
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development on infill and existing building sites and would look to consolidating 
research activities. 

Vegetation Management Areas – managed landscape, wildland fire, and natural areas.
Would be located entirely along the perimeter of the site and would provide an open 
space buffer to neighboring land uses.  Vegetation in these areas would continue to be 
managed to reduce wildland fire risks. Environmental monitoring structures and 
access roadways would be allowed in these areas. 

Special Habitat Protection Areas – no regular vegetation management or development 
is anticipated. Would provide for protection of identified special status species 
habitats and riparian zones. 

As a result of Berkeley Lab’s mission as a research facility, many types of chemicals have 

been used or produced as wastes over the more than 60 years of operation.  These include gasoline, 

diesel, waste oil, polychlorinated biphenyls (PCBs), Freon®, solvents, metals, acids, caustics, and 

lead- and chromate-based paints.  Additionally, radionuclides have been used or produced as waste at 

Berkeley Lab.  Some of these chemicals have been released to the environment. 

The principal chemicals that have been detected in the environment at Berkeley Lab are 

chlorinated volatile organic compounds (VOCs) in the soil and groundwater, and PCBs in the soil.  

The detected VOCs primarily include tetrachloroethene (PCE), trichloroethene (TCE), carbon 

tetrachloride, 1,1-dichloroethene (1,1-DCE), cis-1,2-dichloroethene (cis-1,2-DCE), 1,1,1-

trichloroethane (TCA), and 1,1-dichloroethane (DCA).  Most of these VOCs are solvents (and their 

degradation products) that were used as degreasers for cleaning equipment at Berkeley Lab.  PCB 

contamination is primarily associated with spilled transformer oils and former waste oil tanks.  Other 

contaminants that have been detected in soil and/or groundwater include petroleum hydrocarbons (in 

most cases associated with former underground storage tank [UST] sites), semi-volatile organic 

compounds (SVOCs), polynuclear aromatic hydrocarbons (PAHs), and metals.   

1.3 THE RCRA PROCESS AT BERKELEY LAB 

Berkeley Lab’s Hazardous Waste Handling Facility (HWHF) operates under a RCRA 

Hazardous Waste Facility Permit.  Section 3004(u) of RCRA, as amended by the Hazardous and 

Solid Waste Amendments (HSWA) and Title 40 of the Code of Federal Regulations (CFR) §264, 

requires that permits issued after November 8, 1984 address corrective action for all releases of 

hazardous wastes, including hazardous constituents from any Solid Waste Management Unit 
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(SWMU).  Therefore, the Permit requires that Berkeley Lab investigate and address historic 

releases of hazardous waste and constituents that may have occurred both at the HWHF and at 

SWMUs throughout the Berkeley Lab site.  Berkeley Lab’s Environmental Restoration Program 

(ERP) is responsible for conducting those investigations.  The ERP is part of the Environmental 

Services Group of Berkeley Lab’s Environment, Health and Safety (EH&S) Division.

The DTSC is the regulatory agency responsible for enforcing the provisions of Berkeley 

Lab’s Hazardous Waste Facility Permit, including the activities required under the RCRA CAP.  

Corrective action refers to the activities related to the investigation, characterization, and cleanup 

of releases of hazardous waste or hazardous waste constituents under RCRA.  In July 1993, the 

DTSC delegated some CAP oversight agency authority and responsibilities at Berkeley Lab to 

other regulatory agencies.  The City of Berkeley was assigned as the lead agency for the 

technical review of USTs.  The San Francisco Bay Region of the California Regional Water 

Quality Control Board (RWQCB) was assigned as the lead agency for the technical review of 

surface water and groundwater impacts.  The DTSC retained authority and responsibility for 

technical review of all units that would not be addressed by the RWQCB or City of Berkeley.  It 

also retained authority to review the evaluations and decisions of the other regulatory agencies, 

to ensure compliance with RCRA requirements. 

The five primary components of the CAP are:  

RCRA Facility Assessment (RFA) 

RCRA Facility Investigation (RFI) 

Interim Corrective Measures (ICMs) 

Corrective Measures Study (CMS) 

Corrective Measures Implementation (CMI). 

1.3.1 RCRA Facility Assessment  

In 1991 and 1992, the DTSC (DTSC, 1991) and Berkeley Lab (Berkeley Lab, 1992a) 

conducted independent RCRA Facility Assessments (RFAs) to identify known and potential past 

releases of hazardous waste and hazardous constituents to the environment from Solid Waste 
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Management Units (SWMUs) and Areas of Concern (AOCs) at Berkeley Lab.  SWMUs, AOCs, 

and other areas of known or potential release are collectively referred to as “units” in this report. 

A SWMU is defined as any unit at a hazardous waste facility from which hazardous 
constituents might migrate.  “Hazardous constituent” means a constituent identified in California 
Code of Regulations (CCR), Title 22, Division 4.5, Chapter 11 (Identification and Listing of 
Hazardous Waste); or any component of a hazardous waste or leachate which has a chemical or 
physical property that causes the waste or leachate to be identified as a hazardous waste (CCR, 
Title 22, Section 66260.10).  

An AOC is defined as any suspected release of a hazardous waste or hazardous 
constituent that is not associated with a Solid Waste Management Unit.   

SWMUs identified at Berkeley Lab included primarily above-ground and underground 

waste storage tanks, sumps, scrap yards, plating shops, the former hazardous waste handling 

facility, waste accumulation areas, hazardous waste storage areas, and waste treatment units.  

AOCs identified at Berkeley Lab primarily included chemical product storage tanks (e.g., fuel 

tanks), transformers, and hazardous materials storage areas.  In addition, for the purpose of 

identification and assessment, Berkeley Lab also designated groundwater plumes and sanitary 

sewer lines as AOCs. 

A total of 75 SWMUs and 88 AOCs were identified during the RFAs and subsequent 

investigations.  The RFAs found that hazardous waste or hazardous constituents had been 

released to soil and groundwater.  Based on these findings, DTSC concluded that remedial 

investigations would be needed to characterize areas at the site where releases had occurred, and 

requested that Berkeley Lab submit a workplan for conducting a RCRA Facility Investigation 

(RFI) to further assess the extent of those releases. 

1.3.2 RCRA Facility Investigation 

Berkeley Lab submitted the RFI Work Plan to DTSC in November 1992 (Berkeley Lab, 

1992b).  A primary objective of the RFI, which was conducted between October 1992 and 

September 2000, was to collect adequate information to support corrective action decisions.  To 

meet this objective, the RFI included identification of the source and nature of hazardous wastes 
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and hazardous constituents that had been released to the environment, and characterization of the 

magnitude and extent of those releases.    

Due to the complexity of the investigations needed at Berkeley Lab, the RFI was divided 

into three phases.  RFI Phase I (Berkeley Lab 1994a) and Phase II (Berkeley Lab 1995a) 

Progress Reports were submitted to the DTSC in 1994 and 1995, respectively.  The Draft Final 

RFI Report, which described the investigations conducted subsequent to the two progress 

reports, was submitted to the DTSC on September 29, 2000 (Berkeley Lab 2000).   

The Draft Final RFI Report, which was subsequently approved as the Final RFI Report 

by DTSC, contained detailed information on the history, operations; adjacent land use; 

meteorology; utilities, ecology, physiography, geology, and hydrogeology of the site.  In 

addition, the following detailed information was included:  

a description of the SWMUs and AOCs that were investigated 

results of contamination characterization activities that were completed  

potential and identified sources of contamination  

contaminant migration pathways  

Interim Corrective Measures (ICMs) that were implemented. 

During the RFI, a screening process was implemented to determine which soil units 

exceeded the screening criteria and should therefore be included in the CMS because of potential 

risk to human health, and which units would be excluded from any further action.  The former 

units were designated for No Further Investigation (NFI) and the latter for No Further Action 

(NFA).  The screening process consisted of a comparison between the concentrations of 

chemicals detected in soil to California-modified Preliminary Remediation Goals (PRGs) and 

United States Environmental Protection Agency (USEPA) Region 9 PRGs (USEPA 1996a, 

1998, 1999) for residential soil.  Concentrations of naturally occurring inorganic elements 

detected in the soil were also compared to Berkeley Lab background levels.  Subsequent to 

submittal of the draft final RFI Report (Berkeley Lab 2000), the DTSC requested that Berkeley 

Lab reevaluate the NFA-approved units to determine whether any should be reclassified as NFI 

based on the most recent PRGs available at that time (USEPA 2000).  Two NFA-approved units 

were reclassified as NFI as a result of this comparison, and were subsequently included in the 
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CMS (Berkeley Lab, 2002a).  The RFI soil screening levels used for these evaluations are 

provided in Appendix F.

1.3.3 Interim Corrective Measures 

During the RFI, Berkeley Lab implemented ICMs with the concurrence of the DTSC to 

address hazards where immediate action was required to protect human health or the 

environment.  The ICMs primarily included excavating contaminated soil from the areas that 

posed the greatest risk to human health or the environment and installing groundwater and soil 

vapor extraction systems in areas where it was necessary to control the migration of 

contaminants.  

1.3.4 Corrective Measures Study 

Based on results of the RFI, the DTSC determined that: 1) chemicals detected in the soil 

and groundwater at Berkeley Lab posed a potential threat to human health and the environment 

and 2) a CMS was required.  As the initial step in the CMS, Berkeley Lab completed both an 

Ecological and a Human Health Risk Assessment (ERA and HHRA) (Berkeley Lab 2002b, 

2003a).

The risk assessments estimated the potential risks to human health and the environment 

(plants and wildlife) from anthropogenic chemicals in soil, groundwater, sediment, and surface 

water at Berkeley Lab assuming that no cleanup would take place.  The risk assessments 

consisted of the following four steps:

Identifying the hazards associated with the chemicals of concern  

Assessing the magnitude, frequency, and duration of exposure of humans and wildlife 
to the chemicals 

Assessing the toxicity of the chemicals 

Estimating the potential risk.   

The HHRA and ERA provided the basis for requiring further action for the soil and 

groundwater units, and identified the potential exposure pathways that need to be addressed.  The 

remaining stages of the CMS, which are the subject of this report, include the identification and 
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evaluation of potential corrective measures alternatives for the soil and groundwater units that 

require further action.

1.3.4.1 Ecological Risk Assessment 

The Ecological Risk Assessment evaluated the potential for chemical contaminants detected 

in soil, sediment, surface water, and groundwater at Berkeley Lab to adversely affect the 

reproduction, growth, or survival of plant and wildlife individuals and populations (ecological 

receptors).  Exposure estimates were calculated for representative terrestrial plants, terrestrial wildlife 

(vertebrates and invertebrates), aquatic plants, and aquatic wildlife (vertebrates and invertebrates).  A 

description of the area within an approximately 1-mile radius of Berkeley Lab was prepared to 

identify any species that could potentially inhabit the site.

Special species evaluated included California species of special concern; state and 

federally listed rare, threatened, or endangered species; and species that were proposed or 

recommended for state or federal listing.  No special status plant or animal species were 

identified at Berkeley Lab; however, one special status species known to occur within 5 miles of 

the lab, the Cooper’s hawk was retained in the ERA as an individual predatory organism whose 

exposure could be significant for chemicals with a high biomagnification potential (Berkeley 

Lab, 2002b).

Direct exposure to most soils and groundwater within the central developed area of 

Berkeley Lab were eliminated as completed exposure pathways in the ERA because suitable 

habitat for wildlife, is restricted to the natural, perimeter areas of Berkeley Lab, and is not 

present in the central developed area.  The ERA concluded that no hazards exist to plants or 

animals from exposure to chemicals in soil, groundwater, or surface water at Berkeley Lab.  The 

DTSC approved the ERA on April 14, 2003 (DTSC, 2003a) 

1.3.4.2 Human Health Risk Assessment 

The HHRA identified the current and reasonably likely future land use at Berkeley Lab 

an industrial-type institutional land use.  Human receptors included in the institutional land use 

scenario were potential future indoor laboratory and office workers, and outdoor landscape 
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maintenance and construction workers.  The HHRA also evaluated a hypothetical future 

residential land use scenario that included on-site residents and recreational users as potential 

receptors.  The Residential scenario was included for informational purposes only.  Off-site 

human receptors (i.e., local residents) were not evaluated in the HHRA because there are no 

complete exposure pathways to those individuals and none is anticipated in the future.  There are 

no complete exposure pathways to potential offsite receptors from groundwater pathways 

because the groundwater plumes at Berkeley Lab have not migrated beyond the site boundary 

and are relatively stable (Berkeley Lab, 2000).

Based on the RFI soil screening process described above, DTSC determined that 15 soil 

SWMUs and 12 soil AOCs should be evaluated in the HHRA.  In addition, two undesignated 

areas of soil contamination that did not pass the screening process (Building 51L Groundwater 

Plume Source Area and Slope West of Building 53) were retained for evaluation in the HHRA.  

All areas where chemicals were detected in groundwater or surface water (i.e., groundwater units 

and surface water units) were also addressed in the HHRA.  The SWMUs, AOCs, and other 

locations that were included in the HHRA are listed in Table 1.3.4-1.  The Module designations 

given in the table correspond to designations given in the RFI report (Berkeley Lab, 2000). 

Table 1.3.4-1.  List of SWMUs, AOCs, and Other Areas Evaluated in the HHRA

Berkeley Lab Unit Name Berkeley Lab 
Unit Number 

DTSC(a) Unit 
Number 

Oversight
Agency

SOIL UNITS 

Bevalac Area    

Building 51 Vacuum Pump Room Sump and Collection 
Basins

SWMU 9-4 SWMU-1 DTSC 

Building 51 Motor Generator Room Sump SWMU 9-6 — DTSC 

Building 51 Sanitary Sewer and Drainage System AOC 9-9 — DTSC 

Buildings 51/64 Former Temporary Equipment Storage 
Area

AOC 9-12 — DTSC 

Building 51L Groundwater Plume Source Area — — DTSC 

Old Town Area    

Building 7 Former Plating Shop SWMU 2-1 — DTSC 

Building 52B Abandoned Liquid Waste Above Ground 
Storage Tank (AST) and Sump 

SWMU 2-2 SWMU-4 DTSC 
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Table 1.3.4-1.  List of SWMUs, AOCs, and Other Areas Evaluated in the HHRA (cont’d.)

Berkeley Lab Unit Name Berkeley Lab 
Unit Number 

DTSC(a) Unit 
Number 

Oversight
Agency

SOIL UNITS (cont’d.) 

Old Town Area (cont’d.)

Building 17 Former Scrap Yard and Drum Storage 
Area

SWMU 2-3 SWMU-11 DTSC

Building 16 Former Waste Accumulation Area SWMU 10-4 SWMU-9 DTSC 

Building 25 Plating Shop Floor Drains SWMU 10-10 — DTSC 

Building 7E Former Underground Storage Tank (UST) AOC 2-1 AOC-4 COB(b)

Building 7 Former Hazardous Materials Storage Area AOC 2-2 — DTSC 

Building 7 Sump AOC 2-5 — DTSC 

Building 46 Hazardous Materials Storage Area AOC 7-3 — DTSC 

Building 58 Former Hazardous Materials Storage Area AOC 7-6 — DTSC 

Building 52 Former Hazardous Materials Storage Area AOC 10-2 — DTSC 

Building 37 Proposed Electrical Substation AOC 14-7 — DTSC 

Slope West of Building 53 — — DTSC 

Support Services Area    

Building 69A Former Hazardous Materials Storage and 
Delivery Area 

SWMU 3-1 SWMU-15 DTSC 

Building 69A Storage Area Sump SWMU 3-5 — DTSC 

Building 75 Former Hazardous Waste Handling and 
Storage Facility 

SWMU 3-6 — DTSC 

Building 76 Motor Pool and Collection Trenches and 
Sump 

SWMU 4-3 SWMU-29 DTSC 

Building 76 Present and Former Waste Accumulation 
Area #3 

SWMU 4-6 SWMU-35 DTSC 

Building 77 Plating Shop SWMU 5-4 SWMU-30 DTSC 

Building 77 Former Yard Decontamination Area SWMU 5-10 — DTSC 

Module D:  Outlying Areas    

Building 50 Inactive Underground Residual 
Photographic Solution Storage Tank (TK-09-50) 

SWMU 12-1 SWMU-5 COB 

Building 88 Hydraulic Gate Unit AOC 6-3 AOC-2 DTSC 

Building 58/Building 70 Sanitary Sewer AOC 8-6 — DTSC 

Building 62 Hazardous Materials Storage Area AOC 13-1 — DTSC 
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Table 1.3.4-1.  List of SWMUs, AOCs, and Other Areas Evaluated in the HHRA (cont’d.)

Berkeley Lab Unit Name Berkeley Lab 
Unit Number 

DTSC(a) Unit 
Number 

Oversight
Agency

GROUNDWATER UNITS 
   

Bevalac Area    

Building 71 Groundwater Solvent and Freon Plumes AOC 1-9 — RWQCB(c)

Buildings 51/64 Groundwater Plume AOC 9-13 — RWQCB 

Building 51L Groundwater Plume — — RWQCB 

Old Town Area    

Old Town Groundwater Solvent Plume (Buildings 7 
Lobe)

AOC 2-4 — RWQCB 

Solvent-Contaminated Groundwater in Area 10 
(Building 25A Lobe of the Old Town Groundwater 
Solvent Plume) 

AOC 10-5 — RWQCB 

Solvent-Contaminated Groundwater in Area 10 
(Building 52 Lobe of the Old Town Groundwater 
Solvent Plume) 

AOC 10-5 — RWQCB 

Well MWP-7 Groundwater Contamination AOC 14-5 — RWQCB 

Support Services Area    

Solvents in Groundwater South of Building 76 AOC 4-5 — RWQCB 

Building 69A Area — — RWQCB 

Building 75/75A Area — — RWQCB 

Building 75B Area — — RWQCB 

Building 77 Area — — RWQCB 

Benzene Detected in Two Wells East of Building 75A — — RWQCB 

SURFACE WATER UNITS 

Site-Wide Contaminated Hydrauger Discharges 
(Buildings 51 and 77 areas) 

AOC SW1 AOC-8 RWQCB 

Surface Water (Creeks and Building 71 spring) — — RWQCB 

(a) DTSC:  California Environmental Protection Agency, Department of Toxic Substances Control. 
(b) COB:  City of Berkeley Planning and Development Department, Toxics Management Division. 
(c) RWQCB:  San Francisco Bay Region Regional Water Quality Control Board. 
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The HHRA estimated the theoretical incremental lifetime cancer risks (ILCRs) and non-

cancer health hazards for on-site workers that could potentially be exposed to anthropogenic 

chemicals in soil, groundwater, and surface water at Berkeley Lab.  The theoretical ILCRs and 

non-cancer Hazard Indices (HIs)were evaluated relative to the following two risk comparators to 

determine which units should be retained in the CMS: 1) the USEPA-recommended risk 

management range (i.e., a theoretical ILCR between 10-6 and 10-4) also referred to as the “risk 

management range” and 2) a non-cancer HI of 1.  The risk management range of 10-4 to 10-6 is 

considered by the USEPA to be safe and protective of public health (Federal Register 56(20): 

3535, Wednesday, January 30, 1991).  Exposure to chemicals with an HI below 1.0 is considered 

unlikely to result in adverse non-cancer health effects over a lifetime of exposure.  Risk levels 

below these two criteria are generally considered by regulatory agencies to be de minimis levels.  

The theoretical ILCRs and HIs provided data necessary to support the development of 

appropriate corrective actions, or at units where there was a very low level of risk or hazard, a 

recommendation that no remedial action should be required.

In addition to comparison to risk-based levels, the HHRA also considered promulgated 

standards and regulatory policies when recommending which units should be retained in the 

CMS.  Groundwater is not used for drinking or other domestic water supply at Berkeley Lab (or 

in the City of Berkeley) and water for domestic use will likely be supplied to the Lab and 

Berkeley residents by the East Bay Municipal Utility District (EBMUD) for the foreseeable 

future.  Thus, exposure to chemicals in groundwater via water ingestion or other domestic use 

was not evaluated in the risk assessment.  Although groundwater is not used for domestic supply 

at Berkeley Lab, potential impacts to the beneficial use of groundwater were evaluated in the 

HHRA.  State Water Resources Control Board (SWRCB) Resolution No. 88-63, “Sources of 

Drinking Water” specifies that except under specifically identified circumstances, all surface 

waters and groundwaters are to be protected as existing or potential sources of municipal and 

domestic supply.   

The HHRA concluded that four areas of soil contamination and eleven areas of 

groundwater contamination posed a potential risk to human health and/or beneficial uses of 

groundwater, and therefore should be retained for further evaluation in subsequent parts of the 
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CMS.  These 15 units are listed in Table 1.3.4-2 (soil units) and Table 1.3.4-3 (groundwater 

units) along with the following information: 

A notation as to whether the unit was retained in the CMS based on risk or regulatory 
policy.

For the units included in the CMS based on potential risk, the exposure pathways and the 
corresponding human receptors of potential concern. 

Table 1.3.4-2. Soil Units Recommended to be Retained in Corrective Measures Study in 
the Human Health Risk Assessment 

Unit Retained in 
CMS Based on 

Regulatory
Policy(a)

Retained in 
CMS Based 
on Risk(b)

Soil Exposure 
Pathway of 

Potential Concern 
(b)(c)

Potential
Receptor of 
Concern(b)

MODULE A: BEVALAC AREA

Building 51L Groundwater 
Plume Source Area

yes yes I Potential Future 
Indoor Worker 

MODULE B: OLD TOWN AREA     

AOC 2-5:
Former Building 7 Sump 

yes yes I

I

Potential Future 
Indoor Worker 
Landscape
Worker

MODULE C: SUPPORT SERVICES AREA

SWMU 3-6:   
Building 75 Former Hazardous 
Waste Handling and Storage 
Facility 

no yes F, D(d)

F, D(d)

Landscape
Worker (d)

Construction
Worker(d)

MODULE D: OUTLYING AREAS

AOC 6-3:
Building 88 Hydraulic Gate 
Unit

no yes I, F, D 

F, D

Landscape
Worker
Construction
Worker

(a) SWRCB Resolution 88-63 (Sources of Drinking Water Policy) 
(b) Theoretical ILCRs to one or more receptors equaled or exceeded 10-6 or non-cancer Hazard Indices (HIs) equaled or exceeded 1.0 
(c) I:Inhalation, F:Ingestion, D:Dermal Contact 
(d) An ICM completed in 2003 (removal of PCB-contaminated soil) reduced risks below levels of concern. 
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Table 1.3.4-3. Groundwater Units Recommended to be Retained in Corrective Measures 
Study in the Human Health Risk Assessment 

Unit Retained in CMS 
Based on 

Regulatory 
Policy(a)

Retained in 
CMS Based 
on Risk(b)

Groundwater
Exposure Pathway 

of Potential 
Concern(b)(c)

Potential
Receptor of 
Concern(b)

MODULE A: BEVALAC AREA

AOC 9-13:   
Building 51/64 Groundwater 
Solvent Plume 

yes yes I Potential Future 
Indoor Worker 

Building 51L Groundwater Solvent 
Plume 

yes yes I Potential Future 
Indoor Worker 

AOC 1-9:   
Building 71 Groundwater Solvent 
Plume Building 71B lobe 

yes yes  I Potential Future 
Indoor Worker 

MODULE B: OLD TOWN AREA

AOC 2-4:  
Building 7 Lobe of the Old Town 
Groundwater Solvent Plume 

yes yes I 

D

Potential Future 
Indoor Worker 

Construction 
Worker

AOC 10-5:  
Building 52 Lobe of the Old Town 
Groundwater Solvent Plume 

yes yes I Potential Future 
Indoor Worker 

AOC 10-5:   
Building 25A Lobe of the Old 
Town Groundwater Solvent Plume 

yes yes I Potential Future 
Indoor Worker 

MODULE C: SUPPORT SERVICES AREA

AOC 4-5:   
Solvents in Groundwater South of 
Building 76 

yes No   

Support Services Area (Building 
69A Area)  

yes yes I Potential Future 
Indoor Worker 

Support Services Area (Building 
75/75A Area) 

yes no   

Support Services Area (Building 
77 Area) 

yes no   

Benzene Detected in Wells East of 
Building 75A 

yes no   

(a) SWRCB Resolution 88-63 (Sources of Drinking Water Policy) 
(b) Theoretical ILCRs to one or more receptors equaled or exceeded 10-6 or non-cancer Hazard Indices (HIs) equaled or exceeded 1.0 
(c) I:Inhalation, F:Ingestion, D:Dermal Contact 
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The HHRA recommended no additional investigation or remedial action to address 

human health issues associated with surface water at Berkeley Lab.  Theoretical ILCRs for 

exposure to COCs in surface water were below the USEPA risk management range (<10-6) and 

the non-cancer HI was less than 1, for all surface water units except for effluent from the 

Building 51 hydraugers.  However, the theoretical ILCRs from the hydrauger effluent only 

marginally exceed the 10-6 level, and there is no exposure pathway since the hydrauger effluent 

is piped to a groundwater treatment system where it has been collected and treated to non-

detectable contaminant levels for the past 12 years.   

The HHRA also evaluated potential adverse effects to human health based on a 

hypothetical future restricted residential use scenario.  The receptors evaluated under this 

scenario included on-site future hypothetical residents and recreational users (recreationists).  

The theoretical ILCRs and non-cancer HIs presented under this scenario in the HHRA would be 

appropriate (for screening purposes) only if the institutional land use status for Berkeley Lab 

were to be changed to residential land use. 

The DTSC accepted the HHRA on August 19, 2003 (DTSC, 2003b).  The acceptance 

was conditional, pending a final approval determination after the CMS Report has been 

submitted and a formal public comment period has been held on the proposed remedy selection. 

1.3.4.3 Screening, Evaluating, and Selecting Corrective Measures Alternatives 

This CMS Report identifies and screens potential corrective measures alternatives for the 

soil and groundwater units that require further action based on the results of the HHRA.  It also 

recommends which alternative should be implemented at each unit based on a comprehensive 

evaluation process that was described in the CMS Plan (Berkeley Lab, 2002a).  DTSC will 

evaluate the results and recommendations of the CMS Report and select the specific corrective 

measures that Berkeley Lab will implement.    

1.3.4.4 Community Involvement in the CMS Process 

After the CMS has been completed, the DTSC will prepare a Statement of Basis for the 

selected remedies.  The public will be invited to comment on the proposed remediation decisions 
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at that time, including the corrective measures that are proposed for implementation and the 

MCS that should be achieved.  In addition, the public will be invited to comment on the 

California Environmental Quality Act (CEQA) initial study to evaluate the environmental effects 

of the selected remedies at that time.  After consideration of the public comments, the DTSC will 

respond to the comments; approve the CMS Report and final remedy selection, if appropriate; 

and issue a Modified Hazardous Waste Handling Facility Permit.  
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SECTION 2 

PHYSIOGRAPHY, GEOLOGY AND HYDROGEOLOGY 
OF BERKELEY LAB 

2.1  PHYSIOGRAPHY AND SURFACE WATER HYDROLOGY

The physiography at Berkeley Lab is dominated by steep west and southwest-facing 

slopes that have been modified by erosion of stream canyons, by mobilization of landslides, and 

by cut and fill operations associated with construction of the Berkeley Lab facilities.  Berkeley 

Lab lies within the upper portion of the Strawberry Creek watershed, which consists of 

approximately 874 acres of land east of the UC Berkeley campus.  The entire Strawberry Creek 

watershed occupies approximately 1,163 acres, and includes other UC properties, public streets 

of both Oakland and Berkeley, and private property.  In the vicinity of Berkeley Lab, the 

Strawberry Creek watershed is subdivided into the Blackberry Canyon and Strawberry Canyon 

watersheds.  The tributaries feeding North Fork Strawberry Creek, which flows in Blackberry 

Canyon, have been altered by extensive surface grading and fill placement during past building 

construction activities.  Hence, surface water from these tributaries is collected and conveyed 

through reinforced concrete pipes.  Both Strawberry Creek and North Fork Strawberry Creek are 

perennial and are fed by springs during the summer. 

2.2 GEOLOGY AND HYDROGEOLOGY 

2.2.1 Geologic Units 

The geology and hydrogeology at Berkeley Lab are described in detail in the Draft Final 

RFI Report (Berkeley Lab 2000).  Bedrock at Berkeley Lab consists primarily of Cretaceous and 

Miocene sedimentary and volcanic units.  These units form a northeast-dipping, faulted 

homocline, which underlies most of the facility, and has been disrupted in places by ancient and 

modern landslides.  From the structurally lowest to structurally highest units, the homocline 
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includes the Great Valley Group, the Orinda Formation, and the Moraga Formation.  The Great 

Valley Group and Orinda Formation consist of mudstones and fine- to medium-grained 

sandstones.  The Moraga Formation is a resistant ridge-forming unit that is composed primarily 

of andesitic volcanic rocks that are typically highly fractured, jointed, and brecciated.  At the 

base of several bodies of Moraga Formation, volcanic rocks are interleaved with siltstones, tuffs, 

and sandstones immediately above the underlying contact with the Orinda Formation.  This zone 

has been informally named the Mixed Unit.  

Most of the developed portion of Berkeley Lab is underlain by the Orinda or Moraga 

Formation.  In the easternmost portion of Berkeley Lab, the homocline is disrupted by the north-

striking Wildcat and East Canyon Faults.  The area to the east of these faults is underlain by 

Miocene marine sedimentary rocks of the Claremont Formation and rocks interpreted to belong 

to the San Pablo Group.  At Berkeley Lab’s western property boundary, the homocline is 

truncated by the north-northwest striking Hayward Fault, a regionally extensive, active, right-

lateral strike-slip fault.  Rocks west of the Hayward fault consist of the Jurassic to Cretaceous 

Franciscan Complex. 

Surficial geologic units at Berkeley Lab consist primarily of artificial fill, colluvium, and 

landslide deposits.  The soil profile developed on the bedrock is typically a moderately to highly 

expansive silty clay less than 2 feet thick.  Colluvial deposits, which are loose masses of soil material 

and/or rock fragments, are generally found along the bases of slopes and in hillside concavities.  

2.2.2 Hydrogeologic Characteristics and Groundwater Yield 

Groundwater generally flows in a downslope direction relative to the surface topography, 

with westward groundwater flow in the western portion of Berkeley Lab and southward 

elsewhere.  However, at some locations flow directions deviate from this pattern due to contrasts 

in the subsurface geology or man-made features such as building subdrains.  Hydrologic testing 

indicates that the Moraga Formation is relatively permeable, and constitutes the main water-

bearing unit at Berkeley Lab.  In contrast, the underlying Mixed Unit and Orinda Formation are 

relatively impermeable over most areas of the site.  Measured hydraulic conductivities in the 

other units at Berkeley Lab are generally intermediate between these formations.  
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As discussed in Section 3.2.2, a sustained yield of 200 gallons per day is one of the 

threshold criteria used by SWRCB for determining whether groundwater is considered a 

potential drinking water source.  Short-term pumping tests were therefore conducted in selected 

groundwater monitoring wells and temporary groundwater sampling points located in areas of 

groundwater contamination to determine which areas would not constitute a potential drinking 

water source (i.e. could not yield 200 gallons per day [gpd]) by this criteria .  Results of the 

testing are tabulated in Appendix G and illustrated on Figures 2.2-1 and 2.2-2.

At least one of the three structurally lowest geologic units (rocks of the Great Valley 

Group, Orinda Formation and Mixed Unit) lies either at the surface or at depth beneath all of 

Berkeley Lab, and with few exceptions these units consist of fine-grained rock types with very 

low permeabilities.  Well yields in these units are substantially lower than 200 gpd with few 

exceptions, as shown on Figure 2.2-1.  Many wells installed into these units take a day or more 

to recharge after water stored in the well is removed. Therefore, areas where groundwater is 

present solely in the Great Valley Group, Orinda Formation or Mixed Unit are considered to not 

represent potential sources of drinking water.

In a number of locations, structurally and stratigraphically higher units (Moraga 

Formation, colluvium and artificial fill), generally with higher permeabilities, overlie the deeper 

units.  The contacts between the lower units and upper units are highly undulatory surfaces, so 

that the upper units generally occupy bowl-shaped depressions in the upper bounding surface of 

the lower units.  The Moraga Formation is relatively permeable, and therefore can produce more 

than 200 gpd in most areas where the water table lies within or above it (Figure 2.2-2).  Wells 

screened entirely in the Moraga Formation were generally not tested because it is assumed that 

they can yield more than 200 gpd.  In locations where the water table lies within colluvium or 

artificial fill, well yields depend on the properties of these units, which differ from location to 

location(Figure 2.2-2).  The well yield testing was conducted in March 2004, when groundwater 

elevations are at their highest annual levels and well yields are at a maximum.  During the 

summer and fall when groundwater elevations decline, it is likely that additional wells would 

have yields less than 200 gpd, particularly in those areas where the water table drops into the less 

permeable horizons below the base of the Moraga formation.   



(Draft) RCRACMS Report 21 July 2004 

SECTION 3 

METHODOLOGY FOR DEVELOPMENT OF CORRECTIVE 
ACTION OBJECTIVES, MEDIA CLEANUP STANDARDS 
(MCSs), POINTS OF COMPLIANCE, AND CORRECTIVE 

MEASURES ALTERNATIVES 

The CMS Report provides the rationale for recommending the corrective measures that 

should be implemented at each soil and groundwater unit that requires remedial action.  In order to 

accomplish this, Corrective Action Objectives and corresponding MCSs are first developed, which 

specify the required goals for protecting human health and the environment.  The various corrective 

measures alternatives that have the potential for achieving the Corrective Action Objectives are then 

compiled and the alternatives recommended for implementation selected from the list of candidate 

alternatives through a formal evaluation process.  To document that the Corrective Action Objectives 

have been achieved, compliance with MCSs will be demonstrated at prescribed locations in each 

environmental media requiring remediation.   

3.1 CORRECTIVE ACTION OBJECTIVES  

Corrective Action Objectives are the media-specific goals required to protect human health 

and the environment.  Corrective Action Objectives were developed both to address potential risk 

and to address regulatory policy (i.e., the protection of the beneficial uses of groundwater).  As 

described in Section 1.3.4, the ERA concluded that no hazards exist to plants or animals from 

exposure to chemicals in soil, groundwater, or surface water at Berkeley Lab (Berkeley Lab, 

2002b).  Therefore, no corrective action objectives were developed for ecological receptors.  The 

human health exposure pathways and the corresponding receptors of potential concern were 

determined in the HHRA (Berkeley Lab, 2003a), and are listed in Table 1.3.4-2 and Table 1.3.4-3

for soil and groundwater units, respectively.   
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The primary Corrective Action Objective is to protect human health by reducing COC 

concentrations so that theoretical ILCRs are less than, or at the lowest reasonably achievable 

level within the USEPA target-risk range (between 10-4 and 10-6) and HIs are less than 1.  Based 

on the results of the HHRA (Berkeley Lab, 2003a), this objective is applicable to the following 

contaminant migration pathways.   

Inhalation of VOCs volatilizing from soil to indoor or outdoor air

Inhalation of PCBs volatilizing from soil to indoor air

Incidental ingestion and direct dermal contact with PCBs in soil  

Inhalation of VOCs volatilizing from groundwater to indoor air  

Dermal contact with VOCs in groundwater 

The lowest reasonably achievable level within the risk management range was selected as 

the risk-based corrective action objective for the following reasons:  

1. The USEPA has expressed a preference for cleanups achieving the more protective 
end of the risk management range (i.e., 10-6) (USEPA, 1997).

2. The DTSC has also expressed a preference for the cleanup achieving the more 
protective end of the risk range (i.e., 10-6), if reasonably achievable.  The required 
cleanup levels will be specified by the Standardized Permits and Corrective Action 
Branch of the DTSC in a modification to Berkeley Lab’s RCRA Hazardous Waste 
Handling Facility (HWHF) Permit.  

3. Institutional controls will be required for those areas where the theoretical ILCR>10-6

and/or HI>1.

In addition, the DTSC could initiate enforcement actions against Berkeley Lab, if RCRA 

CAP requirements specified in a modified HWHF Permit (including required cleanup levels) are 

not followed.  Additional compliance and legal costs would likely be incurred as a result of such 

enforcement actions. 

The following Corrective Action Objectives were developed based on regulatory 

requirements: 

Protect and/or restore groundwater quality to levels that are protective of beneficial 
uses (i.e., COC concentrations less than or equal to Maximum Contaminant Levels 
[MCLs] for drinking water in areas where groundwater meets SWRCB criteria for 
potential drinking water sources under Resolution 88-63
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Control the migration of contaminated groundwater so that COCs do not migrate to 
groundwater in adjacent uncontaminated areas or to surface water.

Control the migration of contaminated groundwater so that COCs above risk-based 
levels do not migrate to groundwater in adjacent areas where concentrations are 
below risk-based levels.   

These objectives were selected for the following reasons: 

1. They are California state legal requirements specified in Resolutions of the SWRCB 
under the Porter-Cologne Water Quality Control Act (Division 7 of the California 
Water Code).

2. Institutional controls will be required in areas considered a potential drinking water 
source and MCLs are exceeded.

There are various costs and benefits associated with compliance or non-compliance with 

the risk-based and regulatory-based objectives listed above.  Cleanup to less stringent risk based 

levels (e.g., 10-4 or 10-5 rather than 10-6) would be less expensive and would still be in the range 

that is considered safe and protective of public health.  However, lower cleanup levels would result 

in added costs for new building construction and possibly preclude development in some areas.  

Less stringent risk based levels would also adversely affect the project schedule and incur 

additional costs since they would require negotiation with the regulatory agencies.  Non-

compliance with the regulatory-based objectives could result in enforcement actions and resultant 

legal costs.  In addition, there would likely be a negative impact on property values (land costs on 

the order of $100/square foot are typical in neighborhoods adjacent to Berkeley Lab).  

3.2 MEDIA CLEANUP STANDARDS 

Media Cleanup Standards (MCSs) are media-specific concentrations that the corrective 

measures must achieve in areas that currently exceed these concentrations, in order to meet the 

corrective action objectives.  As described in the RCRA Corrective Action Plan (USEPA, 1994), 

MCSs “must be based on promulgated federal and state standards, risk derived standards, all 

data and information gathered during the corrective action process”, and/or other applicable 

guidance documents)….”  The general methodology used to develop MCSs is described below.  

The specific MCSs proposed for COCs in soil and groundwater at Berkeley Lab are developed in 

Sections 4 (VOCs) and Section 5 (PCBs).
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3.2.1 Risk-Based MCSs 

Proposed Risk Levels

The proposed MCSs for Berkeley Lab are based on two criteria: 1) the USEPA-

recommended target cancer-risk range for risk managers (i.e., a theoretical ILCR between 10-6

and 10-4) also referred to as the “risk management range” and 2) a non-cancer hazard quotient 

(HQ) value (for individual chemicals) of 1.0.  These ranges are consistent with the Corrective 

Measures Objectives described above.  A target ILCR in the range of 10-4 to 10-6 is considered 

by the USEPA to be safe and protective of public health (Federal Register 56 [20]: 3535, 

Wednesday, January 30, 1991).  An HI (sum of HQs) below 1.0 will likely not result in adverse 

non-cancer health effects over a lifetime of exposure.   

An industrial/institutional land use scenario was used to develop risk-based MCSs, which is 

consistent with the current and potential future land use at Berkeley Lab.  To help ensure that the 

corrective measures technologies selected are appropriate to the corrective measures objectives, and 

can result in the lowest reasonably achievable COC concentrations within the USEPA risk 

management range, DTSC has indicated that proposed target risk-based MCSs should be based on 

theoretical ILCRs of 10-6 (the lower bound of the risk management range).   

Since the target risk-based MCSs may not be achievable at some groundwater units due to 

technical impracticability, upper-limit risk-based MCSs are also provided that represent the upper 

bound of the USEPA risk management range (i.e., a theoretical ILCR of 10-4) and non-cancer HQ of 

1.0.  The upper-limit risk-based MCSs will be used to assess compliance with corrective measure 

objectives at locations where target risk-based MCSs cannot reasonably be achieved.

Modifications to the Human Health Risk Assessment Methodology 

The proposed risk-based MCSs for Berkeley Lab were derived for an 

industrial/institutional land use scenario generally utilizing the same methodology and input 

parameters as were used to estimate risks in the HHRA (Berkeley Lab, 2003a).  Toxicity values 

were first reviewed, however, to ensure that the most recently available toxicity data would be 

used in the MCS calculations.  The following revisions in toxicity data were identified and 

incorporated into the risk-based MCS calculations:    
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1. Updates of the USEPA Integrated Risk Information System (IRIS) or National Center 
for Environmental Assessment (NCEA) toxicity values included: 

Revision of the dermal reference doses (RfDds) for 1,1-DCE, 1,1,1-TCA, 
benzene, and TCE 
Revision of the unit risk factor (URF) for ethylbenzene 
Revision of the reference concentration (RfC) for n-butylbenzene. 

2. USEPA IRIS or NCEA values were used for chronic reference exposure levels 
(RELs) in the HHRA since the California Environmental Protection Agency’s 
(CalEPA’s) RELs had not yet been adopted.  RfCs for TCE, ethylbenzene, methyl 
tertbutyl ether, toluene, naphthalene, chloroform, methylene chloride and PCE were 
changed as a result of the newly adopted RELs. 

3. The cancer risk factor for 1,1-DCE was withdrawn by USEPA, and 1,1-DCE is no 
longer considered to be a carcinogen by either the USEPA or Cal-EPA.   

The calculations used to determine the proposed risk-based MCSs are presented in 

Appendix A.

An additional modification to the risk assessment calculations was a change in the value 

for the building crack density parameter ( ) used for indoor air modeling.  The HHRA estimates 

for the risks to potential future indoor workers from the indoor air inhalation pathway were based 

on the American Society of Testing and Materials (ASTM) implementation of the Johnson and 

Ettinger (1991) vapor intrusion model (ASTM, 1995), using conservative ASTM default 

parameters to define soil and building physical characteristics.  These default parameters are 

generally within the range of values possible for the physical properties of soil and overlying 

buildings at Berkeley Lab units, so they were also used for developing the risk-based MCSs for 

groundwater.  However, for the potential future indoor worker pathway, the parameter ( ) used 

to represent the proportion of floor area that consists of open cracks has a default value of 1%, 

which is considered to be unrealistically high for future buildings that might be located at the 

site.  Based on this discrepancy, regulatory agencies using either the ASTM implementation, or 

subsequent implementations, of the Johnson and Ettinger model have adopted lower values for 

this parameter.  

The City of Oakland Urban Land Redevelopment (ULR) program assigned a value of 
0.1% to  for application to their implementation of the ASTM vapor intrusion 
model, based on California data presented by the American Society of Heating, 
Refrigerating, and Air Conditioning Engineering (Spence and Gomez, 1999).   
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The USEPA has assigned default values of 0.38% for slab-on-grade houses and 
0.02% for houses with basements for the current implementation of the Johnson and 
Ettinger model (USEPA, 2003). 

The RWQCB uses a value of 0.04% for all scenarios for current implementation of 
the Johnson and Ettinger model (USEPA, 2003). 

A comparison of indoor air results with soil-gas concentrations at Berkeley Lab 
Building 7 using the Johnson and Ettinger 1991 model suggested that 0.2% was a 
reasonable site specific value.  

Based on this information, Berkeley Lab has adopted a value of 0.2% for , which is 

between the values provided by the California-specific City of Oakland ULR program value and 

the USEPA value for slab-on-grade construction.

3.2.2 Regulatory-Based MCSs 

The principal regulatory standards that may be pertinent to the development of MCSs at 

Berkeley Lab are provided in Table 3.2.2-1.  These standards contain specific numerical 

requirements for allowable chemical concentrations in the affected environmental media 

(groundwater and soil) at Berkeley Lab.   

Table 3.2.2-1.  Regulatory Standards Potentially Pertinent to MCSs at Berkeley Lab 

Standard Description 

Federal

Safe Drinking Water Act (CFR40.141) Sets Maximum Contaminant Levels (MCLs) and Maximum 
Contaminant Level Goals (MCLGs) for drinking water. 

Toxic Substance Control Act - PCB (40 
CFR Part 761)

Sets cleanup requirements for PCBs. 

State

California Safe Drinking Water Act 
(CCR Title 22, Division 4, Chapter 15) 

Sets California Maximum Contaminant Levels (MCLs) for 
drinking water. 

Porter-Cologne Water Quality Control 
Act (California Water Code, Division 7) 

Adopts Water Quality Control Plans (San Francisco Bay Basin 
Plan) that establish beneficial uses of state waters and sets 
water quality objectives for those uses. 

The regulatory agencies that implement the laws and regulations commonly adopt 

policies that guide their applicability and implementation.  Potentially applicable policies that 
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have been adopted by the SWRCB, the agency created by the Porter-Cologne Water Quality 

Control Act include:   

Resolution 68-16 “Statement of Policy with Respect to Maintaining the High Quality 
of Waters in California” (non-degradation policy) requires that for waters for which 
water quality objectives are set by Basin Plans or the Porter-Cologne Water Quality 
Control Act, existing water quality must be maintained.  This resolution implies that 
non-detect or background levels must be maintained except in specific circumstances.   

Resolution 88-63, “Sources of Drinking Water Policy,” specifies that, except under 
specifically detailed circumstances, all surface waters and groundwaters are to be 
protected as existing or potential sources of municipal and domestic supply.   

Resolution 92-49, “Policies and Procedures for Investigation and Cleanup Abatement 
of Discharges under Water Code 13304”, requires regional boards to meet the highest 
levels reasonably obtainable, where, at a minimum, water quality objectives 
established in the Basin Plans must be met.  However, it does permit specification of 
case-by-case cleanup levels where restoration of background levels is not a 
reasonable objective. 

In addition, the RWQCB has prepared the technical document “Screening for 

Environmental Concerns at Sites with Contaminated Soil and Groundwater” (RWQCB, 2003).  

The document presents “conservative” Environmental Screening Levels (ESLs), which were 

developed to address environmental protection goals presented in the Water Quality Control Plan 

for the San Francisco Bay Basin (RWQCB, 1995).  The ESLs are based largely on risk 

assessment modeling, similar to that presented in the Berkeley Lab HHRA, and modeling of soil 

concentrations that might impact groundwater as a potential drinking water source. 

The California RWQCB San Francisco Bay Region’s Water Quality Control Plan (Basin 

Plan) (RWQCB, 1995) establishes beneficial uses and water quality objectives (WQOs) for 

groundwater and surface water in the San Francisco Bay region.  The Basin Plan identifies 

existing beneficial uses of East Bay Plain groundwater as: Municipal and Domestic water 

supply; Industrial Process water supply; Industrial Service water supply, Agricultural water 

supply; and possibly Freshwater replenishment supply.  Although Berkeley Lab is not in the East 

Bay Plain, some groundwater beneath Berkeley Lab may be a source of recharge for the East 

Bay Plain basin, so these beneficial uses may be pertinent to Berkeley Lab groundwater.  

However, according to the RWQCB’s review of General Plans for several East Bay cities, 

including Oakland and Berkeley, there are no plans to develop local groundwater resources for 
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drinking water purposes, because of existing or potential salt-water intrusion, contamination, or 

poor or limited quantity (RWQCB, 1999). 

SWRCB Resolution No. 88-63 specifies that all groundwaters of the State are considered 

suitable, or potentially suitable, for municipal or domestic water supply, with the following 

exceptions: 1) the water source does not provide sufficient water to supply a well capable of 

producing an average sustained yield of 200 gpd, 2) total dissolved solids (TDS) exceed 3,000 

mg/L, or 3) contamination that cannot reasonably be treated for domestic use by either Best 

Management Practices or best economically achievable treatment practices.   

Although groundwater is not used for drinking water or other beneficial uses at Berkeley 

Lab and is not used for drinking water downgradient in the City of Berkeley or at UC Berkeley, 

potential beneficial uses of groundwater at Berkeley Lab would include domestic supply, except 

for those areas where the specific exceptions to SWRCB Resolution 88-63 apply.  Under the Basin 

Plan, cleanup levels “for groundwaters with a beneficial use of municipal and domestic supply are 

set no higher than Maximum Contaminant Levels (MCLs) or secondary MCLs”…“whichever is 

more restrictive; or a more stringent level based on a site-specific risk assessment.”  In areas of 

Berkeley Lab where the well yield is greater than 200 gpd, and TDS concentrations are less than 

3,000 mg/L, MCLs are the regulatory-based MCSs for groundwater COCs, providing that they are 

achievable through Best Management Practices or best economically achievable treatment 

practices.  Most of Berkeley Lab is underlain by fine-grained, low permeability sedimentary rocks 

in which groundwater well yields are substantially lower than 200 gpd, although a few areas where 

undulations in the upper surface of these strata are filled with permeable volcanic rocks or surficial 

materials (colluvium and artificial fill) have wells where yields can exceed 200 gpd.  In Section 2.2 

and Section 4, figures are included showing the areas where the groundwater does not provide 

sufficient water to supply individual wells capable of producing an average sustained yield of 200 

gpd.  Regulatory-based MCSs (MCLs) will not apply in those areas with insufficient well yield to 

be considered a potential drinking water source.  



(Draft) RCRACMS Report 29 July 2004 

3.2.3 Regulatory-Based Compliance Levels 

In addition to MCSs, a compliance level of non-detect was set for areas of groundwater 

and surface water that are not currently contaminated, but could potentially be impacted by 

migration of COCs.  This compliance level addresses the SWRCB non-degradation policy under 

the Porter-Cologne Water Quality Control Act.  In addition, the HHRA and ERA assumed that 

pathways from surface water to human and ecological receptors would remain incomplete, based 

on continued capture prior to the discharge of contaminated groundwater to surface water.   

3.2.4 Costs Associated with MCS Levels and Compliance Levels 

Cost estimates to achieve both risk-based cleanup levels and cleanup levels based on 

protection of potential future drinking-water sources are provided in Section 6.

3.3 DEMONSTRATION OF COMPLIANCE WITH MEDIA 
CLEANUP STANDARDS 

 Points of compliance are the site-specific locations at which the concentrations of 

individual COCs are measured and MCSs must be achieved.  Points of compliance are 

established in each environmental media requiring remediation.   

Groundwater

For groundwater, MCSs should be achieved throughout the area of contamination.  This 

is referred to as throughout-the-plume/unit point of compliance (POC) for groundwater.  

Locations for demonstrating compliance with groundwater MCSs will consist of representative 

wells in the existing Berkeley Lab groundwater monitoring network.  These wells will be located 

both in the area where groundwater MCSs are exceeded, and downgradient from those areas to 

monitor for downgradient plume migration.  Some of these wells have been used to monitor the 

performance of ICMs or pilot tests, and will continue to monitor the performance of these 

systems if selected as a final remedy.  New monitoring wells may be installed if required to 

monitor the performance of additional corrective measures that are implemented.   
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Groundwater monitoring at Berkeley Lab is currently based on a schedule (Berkeley Lab, 

2001) that was approved by the RWQCB in 2002 (RWQCB, 2002).  A revised monitoring schedule 

will be submitted to the RWQCB that establishes the requirements for compliance monitoring.  Some 

wells that were installed for initial characterization purposes are now considered to be superfluous for 

monitoring compliance with MCSs or remedial system performance, and are recommended for 

abandonment.  In addition, it is expected that the number of wells required for compliance monitoring 

and the required frequency of monitoring will decrease over time as more groundwater remediation 

progresses and the area where MCSs are exceeded becomes smaller.  Revised monitoring schedule 

requests will therefore be periodically submitted to the RWQCB for approval.       

When the concentrations of COCs in all compliance wells at a groundwater unit are lower 

than MCSs averaged over four consecutive quarters of monitoring, the corrective measure will 

be considered complete for that unit.   

Soil

Compliance with MCSs at soil units will generally be demonstrated by collecting post-

remediation samples representative of residual contamination.  Prior to implementing a corrective 

measure at each soil unit, a workplan will be submitted to the DTSC that will include the 

requirements for collecting confirmation samples.  The requirements will specify sampling locations 

for soil treated in place or provide the number of samples required per square foot of excavation wall 

and floor.  For PCB remediation waste, a sampling grid of 1.5 meters, with a minimum of three 

sampling points is required (40 CFR §761.283).  A smaller square grid interval can be used when the 

PCB-cleanup site is sufficiently small or irregularly shaped.  For soils that are contaminated with 

VOCs, a larger-size sampling grid may be specified, with a minimum of one floor sample and one 

sample for each wall of excavation.   

To demonstrate that remedial objectives have been attained, the MCSs will be compared 

to representative site chemical concentrations to which human receptors may be exposed 

(exposure point concentrations [EPCs]).  In accordance with USEPA guidance (USEPA, 1989), 

the EPCs will be set for soil at the 95-percent upper confidence limit (UCL) on the arithmetic 

mean of the sample concentrations, unless the sample size is less than eight (N < 8) or the 

percentage of non-detect values is greater than 80%.  In those cases where there are insufficient 
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soil data to calculate a reliable UCL, the maximum concentration will be used.  When MCSs are 

attained at the confirmation soil sampling locations, the corrective measure will be considered 

complete for that unit.   

3.4 TECHNICAL IMPRACTICABILITY  

Remediation of contaminated media to the prescribed MCS can in certain situations be 

technically impracticable from an engineering perspective.  Technical impracticability (TI) for 

contaminated groundwater refers to a situation where achieving groundwater cleanup levels 

associated with final cleanup goals is not practicable from an engineering perspective (USEPA, 

2001).  The term engineering perspective refers to factors such as feasibility, reliability, scale or 

magnitude of a project, and safety.   

The USEPA has noted that permanent reduction of VOC concentrations in groundwater 

below certain levels (e.g., to MCLs) cannot be achieved at many sites using currently available 

technology (USEPA -b, 2001).  Reasons for the technical impracticability of groundwater 

cleanups are generally the result of hydrogeologic and/or contaminant-related factors, such as 

very low permeability soils or the presence of residual dense non-aqueous phase liquids 

(DNAPLs) (USEPA, 2001).  The slow dissolution/desorption rates of COCs and difficulty in 

delivery of treatment reagents or transport media (e.g., water) in low permeability saturated soils 

limits the effectiveness of remedial technologies.  The presence of DNAPL in the saturated zone 

is an ongoing source of dissolution of COCs into the groundwater.

Since one or both of these limiting factors is present at most of the Berkeley Lab 

groundwater units, it is likely that MCSs, particularly the regulatory-based MCSs (i.e., MCLs), 

will not be achievable at all groundwater units.  The effectiveness of the implemented remedial 

technologies in achieving the required MCSs will therefore be evaluated in 2011 after five years 

of operation, or when sufficient data have been collected to support a Determination of TI.  If the 

reviews show that groundwater concentrations are approaching an asymptotic level above the 

specified MCS (regulatory-based or target risk-based) and the mass of groundwater COCs being 

removed is not significant, then a Determination of TI will be requested from the DTSC.  Each 

TI request will include the following components: 
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1. The specific groundwater MCSs, consistent with the groundwater use designations 
that are considered technically impracticable to achieve. 

2. The area over which the TI decision will apply. 

3. A conceptual model that describes the geology; hydrogeology; contamination 
sources, properties, and distribution; fate and transport processes; and current and 
potential receptors. 

4. An evaluation of the restoration potential of the site, including data that support the 
conclusion that attainment of MCSs is technically impracticable from an engineering 
perspective.

5. Estimates of the cost of existing or proposed corrective measures.  

6. A demonstration that no other corrective measures alternative would achieve the MCSs.  

7. A proposed alternative remedial strategy protective of human health and the 
environment.  The alternative remedial strategy would be considered protective of 
human health and the environment if the following criteria are met: 

Concentrations of COCs are less than upper-limit risk-based MCSs or institutional 
controls are in place to block the exposure pathways of potential concern. 

Institutional controls prohibiting future domestic use of groundwater are 
implemented for those areas where groundwater is a potential source of domestic 
supply.

If any remaining sources of contamination are still present, they are removed to 
the extent practicable. 

The areal extent of the groundwater contamination is stable or decreasing. 

3.5 SELECTION AND EVALUATION OF CORRECTIVE 
MEASURES ALTERNATIVES  

3.5.1 Introduction 

Corrective measures alternatives are intended to mitigate potential exposure to, control 

migration of, and/or remediate the COCs.  A step-wise process was used to select and evaluate 

corrective measures alternatives for implementation at Berkeley Lab.  The principal steps of the 

process were:

1. Identification of corrective measures alternatives that may be potentially applicable to 
specific classes of chemicals of concern (i.e., halogenated VOCs or PCBs) in the soil 
and groundwater at Berkeley Lab.

2. Preliminary screening of the potentially applicable alternatives, to reduce the large 
number of available technologies to a manageable number for more detailed evaluation  
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3. Evaluation of each corrective measures alternative using defined standards and 
selection factors 

4. Recommendation of corrective measures for implementation. 

3.5.2 Identification of Potentially Applicable Corrective Measures Alternatives  

Corrective measures alternatives potentially applicable to each class of COCs chemicals-

of-concern (solvent-related VOCs or PCBs) at Berkeley Lab were identified.  For PCBs, 

potentially applicable remedial alternatives were developed primarily from USEPA guidance 

(USEPA, 1993a).  For VOCs, the potentially applicable remedial alternatives were developed 

primarily from the Treatment Technologies Screening Matrix provided in the Federal 

Remediation Technologies Roundtable (FRTR) Remediation Technologies Screening Matrix and 

Reference Guide (http://www.frtr.gov/matrix2/section3/table3_2.html).  In addition no action 

was included for both classes of COCs as a baseline for comparison. 

The identified alternatives were classified into the following general corrective measure 

categories for both soils and groundwater: 

No Action 

Risk and Hazard Management 

Monitored Natural Attenuation 

Containment and Hydraulic Control 

Active Treatment/Disposal. 

No Action

The no-action alternative includes no active remediation of COCs, but provides a basis 

for comparison with the other remedial alternatives.  All previously implemented ICMs would be 

terminated, and no additional measures would be implemented except for institutional controls.  

Natural attenuation processes such as biodegradation, dispersion, adsorption, dilution, and 

volatilization would still occur; however, there would be no means to document the effectiveness 

of natural attenuation.  The no-action alternative may be justified in some cases, especially where 

implementing a corrective measure will result in no significant reduction of risk to human health 

and the environment. 



(Draft) RCRACMS Report 34 July 2004 

Risk and Hazard Management

Institutional controls are non-engineered instruments that help minimize the potential for 

human exposure to contamination and/or protect the integrity of a remedy by limiting land or 

resource (e.g., groundwater) use.  They include administrative or legal controls, physical barriers 

or markers, and methods to preserve information and data and inform current and future workers 

of hazards and risks.  Also included are operational safety requirements implemented to ensure 

worker safety and the proper handling of hazardous materials during remedial activities.  

Institutional controls are generally used when remedies are ongoing and when residual 

contamination is present at a level that does not allow for unrestricted use after cleanup.  They 

are intended to supplement engineering controls and are rarely the sole remedy at a site.   

Monitored Natural Attenuation

The natural biodegradation of organic chemicals can occur when indigenous (naturally 

occurring) microorganisms capable of degrading the chemicals are present and sufficient 

concentrations of nutrients, electron acceptors, and electron donors are available to the 

microorganisms.  Under favorable conditions, highly chlorinated hydrocarbons such as PCE, 

TCE, and 1,1,1-TCA will biodegrade to less chlorinated compounds (i.e., DCE, DCA and vinyl 

chloride) (Figure 3.5-1). 

Microorganisms obtain energy for growth and activity from oxidation and reduction 

reactions (redox reactions).  Redox reactions involve the transfer of electrons to produce 

chemical energy.  Oxidation is a reaction where electrons are lost (from an electron donor) and 

reduction is the reaction where electrons are gained (by an electron acceptor).  During natural 

biodegradation, a carbon source typically serves as the primary growth substrate (food) for the 

microorganisms, and is the electron donor that is oxidized.  The carbon source can include 

natural organic carbon or anthropogenic (man-made) carbon such as fuel hydrocarbons.  Electron 

acceptors can be elements or compounds occurring in relatively oxidized states such as oxygen, 

nitrate, sulfate, ferric iron, and carbon dioxide.
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Natural biodegradation of organic compounds causes measurable changes in groundwater 

geochemistry.  The indicator parameters of the redox reactions, including metabolic byproducts 

can be measured. The following factors indicate conditions favorable for biodegradation: 

Dissolved oxygen (DO) less than 0.5 mg/L 

Nitrate less than 1.0 mg/L 

Sulfate less than 20 mg/L 

Divalent manganese and ferrous iron greater than 1 mg/L 

Low values of the Oxidation-Reduction Potential (ORP). 

Monitored natural attenuation (MNA) is the stabilization and long-term shrinking of a 

contaminant plume by natural processes such as microbial degradation.  This alternative is 

generally applicable only to dissolved groundwater plumes.  In order to implement this 

alternative, the source of the contamination must first be removed and the presence and rates of 

natural degradation processes must be documented.  Natural attenuation processes can be 

demonstrated through a variety of lines of evidence, including static or retreating chemical 

isoconcentration contours over time, changes in the ratios of parent to breakdown products, the 

presence of bacteria capable of degrading the COCs, and/or the presence of geochemical 

indicators of naturally occurring biodegradation.

The major component of MNA as a remedial alternative would be the long-term 

monitoring program to provide initial and continuing confirmation that the predicted biological 

activity and/or reductions in COC concentrations occur and remain effective.  Risk and hazard 

management measures may be required to protect human health and the environment during the 

long term until overall effectiveness can be achieved.   

MNA is retained as a remedial alternative where natural degradation can be currently 

documented.  MNA is also retained as an option for future consideration at other locations after the 

source has been removed and monitoring data indicate that natural degradation may be occurring.  

Containment and Hydraulic Control

Containment and hydraulic control measures can be used to control the mobilization and 

migration of contaminants.  For groundwater, this category primarily includes below-ground barriers 



(Draft) RCRACMS Report 36 July 2004 

constructed to prevent further migration of contaminants, such as groundwater extraction trenches 

and wells, slurry walls, grout curtains, and permeable reactive barriers.  These measures can also be 

implemented to control the migration of groundwater contaminants from source areas.  Above-

ground engineered covers (capping) and other containment measures (solidification and stabilization) 

can be used to minimize the leaching of contaminants from soil to groundwater. 

Engineering controls can be used to eliminate, or reduce to acceptable levels, the 

potential risk to human health from processes such as COCs volatilizing from groundwater and 

migrating into the indoor air of new buildings.  These controls could include vapor barriers or 

ventilation controls.  Engineering controls may also be used to eliminate or reduce the potential 

for cross-media COC transfers or migration of COCs into less contaminated areas.  

Containment and hydraulic control measures may be protective of human health and the 

environment; however, the time frame for contaminant reduction within the containment zone (i.e., 

upgradient of a below-ground barrier, or below an above-ground cover) would be significantly 

longer than more active remedial alternatives.  

Active Treatment/Disposal

Remedial technologies consist of the direct application of methods that can be used to 

achieve the corrective action objective (i.e., attain the MCS) in each affected media. Instead of 

restricting the application of a technology to the edge of a containment zone (as in Containment 

and Hydraulic Controls, above), these approaches involve more active measures within the 

contaminant mass to ultimately provide attainment of MCSs throughout the unit.  These remedial 

technologies are potentially applicable to both soil and groundwater media, and were selected 

from the following categories: 

In situ treatment 

Extraction/excavation with ex-situ treatment 

Extraction/excavation and off-site disposal. 



(Draft) RCRACMS Report 37 July 2004 

3.5.3 Preliminary Screening of Corrective Measures Alternatives 

The preliminary screening process consisted of an evaluation of the potential 

effectiveness and implementability of the identified corrective measures alternatives.  Screening 

was performed for each of the categories of alternatives described in Section 3.5.2, and for subset 

technologies within each category, for each of the contaminant classes at Berkeley Lab.  The 

screening was based on two general criteria: effectiveness and implementability.   

Effectiveness pertains to chemical-specific characteristics of technologies in reducing 
contaminant concentrations given the physical and chemical properties of detected 
COCs.

Implementability pertains to site-limiting characteristics of technologies given the 
physical constraints of the site such as topography, building locations, underground 
utilities, available space, and proximity to sensitive operations and the characteristics 
of the affected media such as depth to groundwater and hydraulic conductivity.

Alternatives that did not pass this initial screening process were eliminated from further 

consideration.

3.5.4 Evaluation of Corrective Measures Alternatives 

Each of the corrective measures alternatives that passed the initial screening process was 

then evaluated to determine whether it could meet the following four corrective action standards: 

Protects human health and the environment 

Attain MCSs 

Provides source control (if applicable) 

Complies with applicable standards for the management of waste.  

Preference was given to those alternatives that could meet all four standards, or three 

standards where source control was not pertinent.  At a minimum the alternative was required to 

be protective of human health and the environment and comply with applicable standards for the 

management of waste.   



(Draft) RCRACMS Report 38 July 2004 

Protect Human Health and the Environment

Each corrective measures alternative was evaluated to assess whether it could effectively 

protect human health and the environment from unacceptable short and long-term risks either by 

meeting risk-based MCSs, or by eliminating exposure pathways to COCs exceeding risk-based MCSs. 

Attain Media Cleanup Standards

Each corrective measures alternative was evaluated to assess whether it could potentially 

meet the proposed target MCSs.  An alternative was assumed to meet this standard if the 

technology had been used effectively under analogous site conditions, and/or if the results of 

bench-scale testing, pilot-scale testing or ICMs indicated that the technology would be able to 

meet one or more of the MCSs.  Both remediation of media with COCs exceeding MCSs, and 

prevention of COC migration into media where COCs are currently less than MCSs, were 

considered in evaluating this standard.

Provide Source Control

Where continuing releases from sources pose a threat to human health or the 

environment, source control technologies were evaluated to assess if they could provide either 

removal or containment of COCs that are available for dissolution into groundwater.  An 

alternative was assumed to meet this standard if the technology had been used effectively under 

analogous site conditions, and/or if the results of bench-scale testing, pilot-scale testing or ICMs 

indicated that the technology would be effective in controlling the sources of contaminants. 

Comply With Applicable Standards for Management of Wastes

Each corrective measures alternative was evaluated to determine the potential to produce 

manageable wastes.  The regulatory standards pertinent to the management of wastes at Berkeley 

Lab are listed in Table 3.5.4-1.
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Table 3.5.4-1.  Regulatory Standards Pertinent to Waste Management 

Standard Description 

Federal

Resource Conservation and Recovery Act 
(40 CFR Parts 261 to 268) 

Regulates waste treatment, storage, and disposal facilities and 
defines waste types. 

Toxic Substance Control Act - PCB (40 
CFR Part 761)

Establishes disposal options for PCB remediation wastes. 

State

CCR Title 23, Division 3, Chapter 15 Regulates water quality aspects of waste discharge to land. 

CCR Title 22, Division 4.5, Chapters 11 
and 12 

Provides standards for the management of hazardous waste.  
Applies to excavated contaminated soil and spent GAC.  

In addition, corrective measures for groundwater and soil may result in discharges to air 

and the sanitary sewer that are regulated by permit requirements.  Regulations for emissions of 

treated soil gas from vapor treatment systems are enforced by the Bay Area Air Quality 

Management District (BAAQMD).  Limitations for air discharges are specified in BAAQMD 

Regulation 8 Rule 47 (Air Stripping and Soil Vapor Extraction Operations).  Regulations for the 

discharge of wastewater from groundwater treatment systems into the sanitary sewer are 

enforced by EBMUD.  Berkeley Lab’s Wastewater Discharge Permit provides the daily 

maximum allowable concentration for discharge to the sanitary sewer.

Corrective measures alternatives that meet the four corrective action standards listed 

above were also evaluated against the following five corrective measures selection factors: 

Long-term effectiveness and reliability 

Reduction of toxicity, migration potential, or volume of the COCs 

Short-term effectiveness, including the near-term risks associated with implementing 
the corrective measure 

Implementability 

Cost.
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SECTION 4 

DEVELOPMENT OF CORRECTIVE MEASURES 
FOR VOLATILE ORGANIC COMPOUNDS (VOCs) 

The principal COCs that have impacted environmental media at Berkeley Lab are 

halogenated non-aromatic VOCs.  These chemicals are primarily solvents such as TCE and PCE, 

and their byproducts resulting from the natural degradation of the original solvent chemicals.  

Aromatic VOCs are also present in the soil and groundwater, primarily as the result of fuel leaks 

from underground storage tanks.   

The following subsections include a discussion of the selection of proposed cleanup 

criteria (Section 4.1); the evaluation of “global” issues that pertain to all of the sites where VOCs 

are the potential concern, including screening of corrective measure technologies and 

development of corrective measure alternatives (Section 4.2); and the site-specific detailed 

evaluations of corrective measures for VOC-impacted soil and groundwater (Section 4.3).  The 

soil and groundwater units at which VOCs are the COCs are listed in Table 4-1.

Table 4-1. Soil and Groundwater Units with VOCs as Chemicals of Concern 

Unit

Building 51/64 Groundwater Solvent Plume 
Building 51L Groundwater Solvent Plume and Source Area 
Building 71 Groundwater Solvent Plume Building 71B lobe 
Building 7 Lobe of the Old Town Groundwater Solvent Plume and Source Area Former Building 7 
Sump 
Building 52 Lobe of the Old Town Groundwater Solvent Plume 
Building 25A Lobe of the Old Town Groundwater Solvent Plume 
Solvents in Groundwater South of Building 76 
Building 69A Area of Groundwater Contamination 
Building 75/75A Area of Groundwater Contamination 
Building 77 Area of Groundwater Contamination 
Benzene Detected in Wells East of Building 75A 
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4.1 MEDIA CLEANUP STANDARDS 

4.1.1 Media Cleanup Standards for Groundwater 

Media cleanup standards for groundwater were developed for the following VOCs that 

were detected at concentrations above MCLs during Fiscal Year 2003 (FY03) (October 1, 2002 

through September 30, 2003).: 

benzene
carbon tetrachloride 
chloroform 
1,1-dichlorethane (1,1-DCA) 
1,2-dichloroethane (1,2-DCA) 
1,1-dichloroethene (1,1-DCE) 
cis-1,2- dichloroethene (cis-1,2-DCE) 
trans-1,2- dichloroethene (trans-1,2-DCE) 
1,2 dichloropropane 
methylene chloride 
1,1,1-trichloroethane (1,1,1-TCA) 
1,1,2-trichloroethane (1,1,2-TCA) 
tetrachloroethene (PCE) 
trichloroethene (TCE) 
vinyl chloride. 

4.1.1.1 Risk-Based MCSs 

The proposed risk-based MCSs for COCs in groundwater are listed in Table 4.1.1-1,

along with the maximum COC concentrations detected in FY03.  The target MCSs are the lowest 

concentrations of each COC that would result in a theoretical ILCR of 10-6 or an HQ of 1, for all 

potential exposure pathways.  The upper-limit MCSs are the lowest concentrations of each COC 

that would result in a theoretical ILCR of 10-4 or an HQ of 1, for all potential exposure pathways.   

The only COCs that exceeded the proposed risk-based MCSs in FY03 are carbon tetrachloride, 

PCE, TCE, and vinyl chloride.  The risk drivers for these COCs are the volatilization of 

groundwater COCs and subsequent migration into indoor air, where potential future indoor 

workers might be exposed; and for TCE only, dermal contact with groundwater by intrusive 

construction workers.  An additional MCS is therefore provided for TCE for units where the 

intrusive construction worker could potentially be exposed (i.e., the depth to groundwater is less 
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than or equal to 20 feet).  The risk calculations assumed a conservative depth to groundwater of 

5-feet at all locations for the inhalation pathway, and used the same default parameters as were 

used in the HHRA, with the exceptions described in Section 3.

Table 4.1.1-1.   Proposed Risk-Based MCSs for VOCs in Groundwater  

Proposed Risk-Based MCSsCOC Maximum 
Concentration 

Detected in 
Groundwater in FY03

( g/L)

Target Groundwater 
MCS Based on 

Theoretical 
ILCR=10-6  and HI = 1 

( g/L)

Upper-Limit 
Groundwater MCS 

Based on Theoretical 
ILCR = 10-4  and HI = 1 

( g/L)

benzene 47 175 17,514 
carbon tetrachloride 4,600 27 1,004(c)

chloroform 196 1,206 120,582(a)

38,838(b) (c)

1,1-DCA 15,800 3,663 366,345 
1,2-DCA 75 1,030 102,956 
1,1-DCE 2,210 28,873(c) 28,873(c)

cis-1,2-DCE 1,240 98,405(c) 98,405(c)

trans-1,2-DCE 469 94,405(c) 94,405(c)

1,2-dichloropropane 9.4 1,071 15,302(c)

methylene chloride 1,600 10,381 1,038,071 
1,1,1-TCA 277 1,570,783 (c) 1,570,783 (c)

1,1,2-TCA 37 1,905 190,489(a)

61,026(b) (c)

PCE 76,035 343 25,265(c)

TCE 79,300 1,594 1,159,365(a)

3,065(b) (c)

Vinyl chloride 835 12 1,213 

(a) MCS is applicable where groundwater >20 feet.
(b) MCS is applicable where groundwater  20 feet (based on potential risk to intrusive construction worker). 
(c) MCS is based on HI = 1; all other MCSs based on theoretical ILCR =  10-4.
Note: Boldface concentration values indicate that the maximum detected concentration of the COC in FY03 was above the 
proposed target risk-based MCS. 

To ensure that the presence of multiple chemicals at any unit would not result in 

unacceptable additive risks, maximum site-wide detected concentrations of chemicals were 

evaluated.  As shown in Table 4.1.1-1, maximum detected concentrations of only five COCs 

exceeded risk-based MCSs.  The maximum detected concentrations of other COCs were well 

below (generally at least an order of magnitude lower than) risk-based MCSs, so these COCs do 
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not contribute significantly to risk.  If all five chemicals that are currently present at 

concentrations exceeding the MCS were remediated to achieve their respective target MCSs, 

then the theoretical ILCR would be approximately 5 x 10-6, which is within the USEPA risk 

management range.  This “worst case” situation is considered to be very unlikely, since not all 

COCs are present at every soil unit, and the relative proportions of different COCs are 

sufficiently different that remediation to achieve MCSs would result in concentrations of all but 

the primary risk-driver COC being reduced to substantially less than their risk-based MCSs.  The 

maximum site concentration of only one COC (TCE) exceeds the risk-based MCS based on the 

hazard index and all other COCs for which the risk-based MCS is based on the hazard index are 

present at concentrations several orders of magnitude lower than their hazard index.  Therefore, 

the additive risks for these chemicals are not significant. 

4.1.1.2 Regulatory-Based MCSs  

MCLs are the proposed regulatory-based MCSs for VOCs in groundwater where the 

groundwater is a potential source for domestic water supply (i.e., source can provide sufficient 

water to supply a well capable of producing 200 gpd and they are achievable through Best 

Management Practices or best economically achievable treatment practices).  Proposed regulatory-

based MCSs (MCLs) for groundwater are listed in Table 4.1.1-2.  Also listed in the table is the 

maximum concentration of each COC detected in groundwater during FY03. 
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Table 4.1.1-2.  Proposed Regulatory-Based MCSs for VOCs in Groundwater

Groundwater COC Maximum Concentration Detected 
in Groundwater in FY03

( g/L)

Proposed Regulatory-Based 
Groundwater MCS (MCL)

( g/L)

benzene 47 1.0 
carbon tetrachloride 4,600 0.5 
chloroform 196 100 
1,1-DCA 15,800 5 
1,2-DCA 75 0.5 
1,1-DCE 2,210 6 
cis-1,2-DCE 1,240 6 
trans-1,2-DCE 469 10 
1,2-dichloropropane 9.4 5 
methylene chloride 1,600 5 
1,1,1-TCA 277 200 
1,1,2-TCA 37 5 
PCE 76,035 5 
TCE 79,300 5 
vinyl chloride 835 0.5 

4.1.2 Media Cleanup Standards for Soil 

Media cleanup standards for soil were developed for those VOCs that the HHRA 

(Berkeley Lab, 2003a) concluded were present in soil at concentrations above the de minimis 

level (i.e., theoretical ILCR > 10-6 or HI > 1), and for the groundwater COCs (Section 4.1.1) that 

have been detected in soil at Berkeley Lab.  The later criterion was included so that the soil 

MCSs would be set at levels that are protective of groundwater MCSs (i.e., consider the cross-

media transfer of contaminants).   

Following is the list of the soil COCs.  Except for 1,2-dichloropropane and 1,1,2-TCA, 

which are only groundwater COCs, the soil and groundwater COCs are the same.   

benzene
carbon tetrachloride 
chloroform 
1,1-dichlorethane (1,1-DCA) 
1,2-dichloroethane (1,2-DCA) 
1,1-dichloroethene (1,1-DCE) 
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cis-1,2- dichloroethene  (cis-1,2-DCE) 
trans-1,2- dichloroethene  (trans-1,2-DCE) 
methylene chloride 
1,1,1-trichloroethane (1,1,1-TCA) 
tetrachloroethene (PCE) 
trichloroethene (TCE) 
vinyl chloride. 

4.1.2.1 Risk-Based MCSs 

The proposed risk-based MCSs for soil are listed in Table 4.1.2-1.  Also listed in the 

table is the maximum concentration of the COC that has been detected in soil at Berkeley Lab.  

The target MCSs are the lowest concentrations of each COC that would result in a theoretical 

ILCR of 10-6 or an HQ of 1, for all potential exposure pathways.  The upper-limit MCSs are the 

lowest concentrations of each COC that would result in a theoretical ILCR of 10-4 or an HQ of 1, 

for all potential exposure pathways.  The only COCs that exceed the proposed risk-based MCSs 

are benzene, carbon tetrachloride, PCE, and TCE.  The l exposure pathway that drives these 

MCSs is the volatilization of soil COCs and subsequent migration into indoor air, where 

potential future indoor workers might be exposed.   

To ensure that the presence of multiple chemicals at any one site would not result in 

unacceptable additive risks, maximum concentrations of chemicals detected at the site were 

evaluated.  As shown in Table 4.1.2-1, the maximum detected concentrations of only five COCs 

benzene, carbon tetrachloride, PCE, TCE, and vinyl chloride) exceed the target risk-based MCS.  

Benzene exceeds the MCS at only one unit where no other COCs are present.  Therefore, only 

four COCs are present at any one unit at concentrations that potentially contribute to risks at the 

unit. For COCs that are present at concentrations less than the risk-based target MCSs, the total 

of the theoretical ILCRs associated with the maximum concentrations is less than 1.4 x 10-6.  In 

the unlikely event that all four chemicals that are currently present at concentrations exceeding 

the MCS were remediated to achieve their respective MCSs, the other COCs remained at their 

current concentrations, and maximum concentrations of all COCs were present at one location, 

the theoretical ILCR would therefore be less than 5.4 x 10-6, which is within the USEPA risk 

management range.  This “worst case” situation is considered to be very unlikely, since not all 

COCs are present at every soil unit, and the relative proportions of different COCs are
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Table 4.1.2-1.  Proposed Risk-Based MCSs for VOCs in Soil 

Proposed Risk-Based MCSSoil COC Maximum 
Concentration 
Detected in Soil 

(mg/kg)

Target Soil MCS 
Based on Theoretical 

ILCR=10-6  and HI = 1 
(mg/kg)

Upper Limit Soil MCS 
Based on Theoretical 

ILCR = 10-4  and HI = 1 
(mg/kg)

benzene 1.2 0.1 6(a)

carbon tetrachloride 10 0.05 1.8(a)

chloroform 0.092 0.28(a) 0.28(a)

1,1-DCA 0.8 1.3 127 
1,2-DCA 0.029 0.23 9(a)

1,1-DCE 0.17 8(a) 8(a)

cis-1,2-DCE 3.1 38(a) 38(a)

trans-1,2-DCE 0.45 50(a) 50(a)

methylene chloride 0.3 1.8 184 
1,1,1-TCA 11 690(a) 690(a)

PCE 3,000 0.45 45 
TCE 60 2.3 225 
Vinyl chloride 0.016 0.0035 0.35 

 Note: Boldface numbers indicate maximum soil concentrations that are above the proposed target risk-based soil MCS. 
(a): Denotes MCS based on HI=1.  All other MCSs are based on theoretical ILCR. 

sufficiently different that remediation to achieve MCSs would result in concentrations of all but 

the primary risk-driver COC being reduced to substantially less than their risk-based MCSs.  

Similarly, the risk-based MCS is based on the HQ for only five COCs.  Maximum site-wide 

concentrations of these five COCs are all less than 10% of the MCS with the exception of 

chloroform, which is present at a concentration of approximately 33% of the MCS.   Therefore, 

additive risks for these chemicals would not result in an HI (sum of HQs) greater than 1.0, and 

are therefore insignificant. 

Remediation of soil to concentrations below risk-based MCSs could be necessary in some 

cases, in order to meet risk-based groundwater MCSs.  This would be the case where residual 

soil contamination is present at concentrations that are below risk-based MCSs, but could 

dissolve into groundwater at concentrations exceeding risk-based groundwater MCSs.  In order 

to determine if this criteria is applicable to developing MCSs for soil, Berkeley Lab calculated 

the COC soil concentrations that could result in groundwater concentrations at the risk-based 

MCS level, according to USEPA soil screening guidance (USEPA, 1996b). The linear soil/water 
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partitioning equation for saturated soil yields the soil COC concentrations (Ct) in equilibrium 

with its concentration in groundwater at the risk-based levels.  The calculated Ct soil 

concentrations are listed in Table 4.1.2-2 for each soil COC together with the corresponding 

risk-based MCSs for soil from Table 4.1.2-1.  The equilibrium values of Ct are approximately 

one order of magnitude or more greater than the risk-based soil MCSs, and were therefore not 

considered any further for setting proposed soil MCSs. 

Table 4.1.2-2. Estimated Soil Concentrations in Equilibrium with Risk-Based MCSs 
for Groundwater 

Soil COC Target Risk-Based Soil MCS(a)

(mg/kg)

Soil Concentration (Ct) in Equilibrium 
with Risk-Based Groundwater MCS 

(mg/kg)

benzene 0.1 1.2 
carbon tetrachloride 0.05 0.34 
chloroform 0.28 7.2 
1,1-DCA 1.3 20.5 
1,2-DCA 0.23 5.0 
1,1-DCE 8 201 
cis-1,2-DCE 38 571 
trans-1,2-DCE 50 628 
methylene chloride 1.8 47.8 
1,1,1-TCA 690 14,922 
PCE 0.45 4.1 
TCE 2.3 19.9 
Vinyl chloride 0.0035 0.06 

(a) Proposed risk based soil MCS from Table 4.1.2-1.

4.1.2.2 Regulatory-Based MCSs 

Remediation of soil to concentrations below risk-based MCSs may be necessary in some 

cases, in order to meet regulatory-based groundwater MCSs.  This would be the case where 

residual soil contamination is present at concentrations that are below risk-based MCSs, but could 

dissolve into groundwater at concentrations exceeding regulatory-based groundwater MCSs 

(MCLs).  In order to determine if this criteria is applicable to developing MCSs for soil at Berkeley 

Lab, Berkeley Lab considered the guidance provided by the RWQCB in their technical document 

“Screening for Environmental Concerns at Sites with Contaminated Soil and Groundwater” 

(RWQCB, 2003).  The document provides “conservative Environmental Screening Levels for over 

100 chemicals commonly found at sites with contaminated soil and groundwater.”  The ESLs 
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include a component that considers soil screening levels for groundwater protection.  This 

component of the ESL soil screening levels addresses potential leaching of chemicals from vadose 

zone soils and subsequent impact on groundwater and were back calculated based on target 

groundwater screening levels (i.e., California Primary MCLs where available), and was adopted as 

the regulatory-based MCS for soil. 

The soil screening levels for the protection of groundwater are listed in Table 4.1.2-3.

Also listed in the table are the target risk-based soil MCSs from Table 4.1.2-1.  The target risk-

based soil MCSs are greater than the proposed regulatory-based soil MCSs for all COCs except 

for chloroform, carbon tetrachloride, PCE, and vinyl chloride.  The soil screening levels are 

potentially applicable MCSs where the groundwater is a potential source for domestic water 

supply (i.e., source can provide sufficient water to supply a well capable of producing 200 gpd 

and they are achievable through Best Management Practices or best economically achievable 

treatment practices).  In those areas, the lesser of the risk-based soil MCS or the soil screening 

level would be the applicable.

Table 4.1.2-3.  Proposed Soil MCSs that are Protective of Regulatory-Based MCSs for Groundwater

Soil COC Proposed Regulatory-Based Soil 
MCS for Protection of Beneficial 

Use of Groundwater(a)

(mg/kg)

Target Risk-Based Soil MCS(b)

(mg/kg)

benzene 0.044 0.1
carbon tetrachloride 0.11 0.05 
chloroform 2.9 0.28 
1,1-DCA 0.2 1.3
1,2-DCA 0.0045 0.23
1,1-DCE 1.0 8
cis-1,2-DCE 0.19 38
trans-1,2-DCE 0.67 50
methylene chloride 0.077 1.8
1,1,1-TCA 7.8 690
PCE 0.7 0.45 
TCE 0.46 2.3
vinyl chloride 0.085 0.0035 

(a) Soil screening level from RWQCB (2003).
(b) Target risk based soil MCS from Table 4.1.2-2. 
Note: Boldface numbers indicate that regulatory based (protection of groundwater) soil MCS is less than the target risk-
based soil MCS. 
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4.1.3 Summary of Media Cleanup Standards for VOCs 

Groundwater

Two criteria were considered when developing MCSs for groundwater: potential risk to 

human health and the impact to the beneficial use of groundwater for domestic supply.  The 

proposed target risk-based MCSs are the lowest concentrations of each COC that would result in 

a theoretical ILCR of 10-6 or an HQ of 1, and are applicable in all areas of Berkeley Lab.  The 

regulatory-based MCSs (MCLs) are based on potential future domestic use, and are applicable to 

the areas where groundwater constitutes a potential drinking water source based on SWRCB 

criteria (i.e., well yield is  200 gallons per day).  Since MCLs are less than the risk-based MCSs 

for all COCs, the risk-based MCSs will apply only in those areas where groundwater is not 

considered a potential drinking water source.  Proposed target MCSs for groundwater and where 

the MCSs are applicable are listed in Table 4.1.3-1.

As discussed in Section 3.4, it is likely that achievement of regulatory-based MCSs 

(MCLs) will be technically impracticable in many of the areas of groundwater contamination 

using currently available technology.  The effectiveness of the implemented remedial systems in 

achieving the required MCSs will therefore be reviewed after five years of operation (in 2011).  

If at that time groundwater concentrations are approaching an asymptotic level above MCLs and 

the mass of groundwater contaminants that is being removed is not significant, a Determination 

of Technical Impracticability (TI) will be requested from the DTSC.  If the Determination of TI 

is approved, the regulatory based MCSs will be replaced with the established risked-based 

MCSs, and the following actions will be implemented.   

Any remaining sources of contamination will be removed or contained 

A monitoring program will be established to demonstrate that containment of 
groundwater contamination is being maintained. 

Soil

Two criteria were considered when developing MCSs for soil: potential risk to human 

health from the soil pathway and the cross-media transfer of soil COCs to groundwater at 

concentrations that could result in groundwater MCSs being exceeded.  Risk-based soil MCSs 
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are the lowest concentrations of each COC that would result in a theoretical ILCR of 10-6 or an 

HQ of 1, either through direct soil pathways or cross-media transfer, and are applicable in all 

areas of Berkeley Lab.  Regulatory-based soil MCSs were developed based the potential to 

impact groundwater above regulatory-based MCSs (MCLs), and are applicable to areas where 

groundwater constitutes a potential drinking water source based on SWRCB criteria (i.e., well 

yield is  200 gallons per day).  In those areas where groundwater is considered a potential 

drinking water source, the lesser of the risk-based soil concentration or regulatory-based soil 

concentration is proposed as the MCS. 

Table 4.1.3-1.  Summary of Proposed Media Cleanup Standards (MCSs) for Groundwater and Soil 

Groundwater Soil
Target Risk-

Based
Groundwater

MCS
(µg/L)

Regulatory-
Based

Groundwater
MCS (MCLs) 

(µg/L)

Target Risk-
Based Soil MCS

(mg/kg)

Regulatory-Based
Soil MCS (a)

(mg/kg)

Applicability
Well yield is 

< 200 gpd 
Well yield 

 200 gpd 
Soil overlying  

areas where well  
yield is < 200 gpd 

Soil overlying 
areas where well 
yield  200 gpd 

COC     

benzene 175 1 0.1 0.044 
carbon tetrachloride 27 0.5 0.05 0.05* 
chloroform 1,206 100 0.28 0.28* 
1,1-DCA 3,663 5 1.3 0.2 
1,2-DCA 1,030 0.5 0.23 0.0045 
1,1-DCE 28,873 6 8 1.0 
cis-1,2-DCE 98,405 6 38 0.19 
trans-1,2-DCE 94,405 10 50 0.67 
1,2-dichloropropane 1,071 5 NA NA 
methylene chloride 10,381 5 1.8 0.077 
1,1,1-TCA 1,570,783 200 690 7.8 
1,1,2-TCA 1,905 5 NA NA 
PCE 343 5 0.45 0.45* 
TCE 1,594 5 2.3 0.46 
vinyl chloride 12 0.5 0.0035 0.0035* 

(a) The lesser of the risk-based or regulatory based MCS.  * indicates MCS is risk based; all other MCSs for soil in areas where
well yield is  200 gpd are regulatory based. 
NA: MCS is not applicable.  Chemical is not a soil COC.  
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4.2 SELECTION AND EVALUATION OF CORRECTIVE MEASURES 
ALTERNATIVES FOR VOCs IN SOIL AND GROUNDWATER 

4.2.1 Subdivision of Groundwater Units into Zones 

For the purpose of selecting the appropriate corrective measures alternatives for VOCs, 

some of the Berkeley Lab groundwater units were divided into distinct zones.  Different remedial 

strategies may be applicable to each defined zone in the same groundwater unit because of the 

relative concentrations and different phases of halogenated VOCs present.

The plume source zone contains DNAPL and/or relatively high concentrations of 
COCs in the soil that constitute a continuing source of groundwater contamination. 

The plume core zone contains COCs in the groundwater at concentrations greater 
than risk-based MCSs, but data do not indicate the presence of DNAPL.  

The plume periphery zone contains COCs in the groundwater at concentrations below 
risk-based MCSs, but greater than regulatory-based MCSs [e.g., MCLs]). 

The plume source zone is defined as the area that contains DNAPL and/or concentrations 

of VOCs in vadose zone soils that exceed the RWQCB soil screening levels for groundwater 

protection (RWQCB, 2003).  Dissolved concentrations of groundwater COCs in the source zone 

are largely controlled by the balance between the original contaminant concentration in soil 

matrices, the continued dissolution of COCs into groundwater, and the removal of COCs by 

flushing of upgradient groundwater (or for existing systems, the flushing of injected water 

through the saturated zone).  For some of the Berkeley Lab units, the source zone is no longer 

present due to low initial contaminant concentrations and/or the natural attenuation of residual 

soil contamination and DNAPL. 

The plume core zone is defined as the area of the plume where dissolved concentrations 

of COCs in groundwater exceed risk-based MCSs, the analytical data do not indicate the 

presence of DNAPLs, and concentrations of VOCs in vadose zone soils do not exceed the 

RWQCB soil screening levels for groundwater protection (RWQCB, 2003).  Dissolved 

concentrations of COCs in groundwater in the core zone are largely controlled by migration of 

contaminated groundwater from the upgradient source zone, if present, and the equilibrium 
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partitioning of COCs between the groundwater and soil.  Residual soil concentrations are largely 

controlled by the equilibrium partitioning of COCs between the groundwater and soil.    

The plume periphery is the area of the plume with COC concentrations that are less than 

risk-based MCSs, but greater than regulatory-based MCSs (i.e., MCLs).  Dissolved 

concentrations of COCs in groundwater in the periphery zone are largely controlled by migration 

of contaminated groundwater from the source and core zones, if present, and the equilibrium 

partitioning of COCs between the groundwater and soil.  Any reductions in groundwater COC 

concentrations in the plume periphery would be ineffective unless 1) there is no core or source 

zone present, 2) concentrations in the core and source zones are first significantly reduced, or 3) 

hydraulic controls are installed to isolate the plume periphery zone.  Cleanup of a plume 

periphery zone is therefore considered a lower priority than cleanup of the core or source zone, if 

present.  However, as discussed in Section 3, a Corrective Action Objective is to contain 

contaminated groundwater, so that it does not degrade water quality in adjacent areas.  

Therefore, existing controls on the migration of groundwater from the plume periphery zone 

should be maintained to prevent the degradation of groundwater quality in adjacent areas.    

Table 4.2.1-1 indicates which of the three zones is present at each of the groundwater units. 

Table 4.2.1-1.  Source Zone, Core Zone and Periphery Zones at Groundwater Units  

Unit Plume
Source
Zone  

Plume
Core

Plume
Periphery

Building 51/64 Groundwater Solvent Plume  
Building 51L Groundwater Solvent Plume 
Building 71 Groundwater Solvent Plume Building 71B lobe 
Building 7 lobe of the Old Town Groundwater Solvent Plume  
Building 52 lobe of the Old Town Groundwater Solvent Plume   
Building 25A lobe of the Old Town Groundwater Solvent Plume  
Solvents in Groundwater South of Building 76   
Support Services Area (Building 69A Area)    
Support Services Area (Building 75/75A Area)   
Support Services Area (Building 77 Area)    
Benzene Detected in Wells East of Building 75A   
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4.2.2 Identification of the Presence of DNAPL 

The ability of a corrective measure to effectively remediate contaminated groundwater is 

a function of a number of variables, one of the most important of which is whether DNAPLs are 

present.  Therefore, it is important to identify where DNAPLs may be present, and, if possible, 

delineate their extent.  Most DNAPL detection methods are subject to “false negatives” (i.e., lack 

of detection does not indicate absence of DNAPLs), particularly because DNAPL tends to 

migrate and collect along thin, irregular heterogeneities.  In the absence of reliable detection 

methods, USEPA specifies use of various “rules of thumb” to assess whether DNAPLs are likely 

to be present (USEPA, 1992).  Two of these “rules of thumb” applicable to Berkeley Lab are 

discussed below. 

4.2.2.1  Method 1 -- Comparison of Soil Concentrations with Soil Saturation 
Concentrations

DNAPL can be presumed to be present in a soil sample when the concentration of a constituent 

in soil exceeds its soil saturation concentration (sat).  The USEPA PRG table lists a default soil 

saturation concentration value of 230 mg/kg for PCE in vadose-zone soil based on the equation: 

sat (mg/kg) = C solw, / b ( db + w + H’ a )

where:

b = bulk density (dry mass of soil/volume of soil [kg/m3]) (assumed value 1.5) 
Kd = Kocfoc = solid/aqueous partition coefficient (m3/kg);

Where: Koc = organic carbon/aqueous partition coefficient (m3/kg); 160 cm3/g
       foc = mass fraction of organic carbon in soil (assumed value 0.006) 

Cw,sol =  solubility limit of a particular chemical (mg/L) 
w =  water-filled porosity 

H’ =  Henry’s Law constant 
a =  air-filled porosity. 

Based on analyses of soil samples at Berkeley Lab, the mass fraction of organic carbon 

(foc) averages approximately 0.0025 and the bulk density is approximately 1.6 or greater.  In 

addition, soils with elevated COC concentrations are primarily present in the saturated zone.  For 

saturated soil, the above equation can be simplified to  

sat (mg/kg) = (n + db ) C solw, ,   where n = porosity 
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Using the site-specific values noted above, and assuming a porosity of 0.25, the soil 

saturation concentration for PCE in saturated soil would be 178 mg/kg, only slightly less than the 

default value provided in the PRG table.  The estimated soil saturation concentrations for soil COCs 

are listed in Table 4.2.2-1, together with the maximum concentrations detected at the units discussed 

in this report: 

Table 4.2.2-1 Soil Saturation Concentrations for Soil COCs 

Soil COC Maximum  
Concentration 

Detected 
(mg/kg)

Default USEPA Soil 
Saturation Concentration 

(mg/kg)

Estimated Berkeley Lab 
Soil Saturation 
Concentration  

(mg/kg)

benzene 1.2 1,100 735 
carbon tetrachloride 10 1,100 735 
chloroform 0.092 2,900 3,239 
1,1-DCA 0.8 1,700 1,927 
1,2-DCA 0.029 1,800 2,703 
1,1-DCE 0.17 1,500 1,118 
cis-1,2-DCE 3.1 1,200 1379 
trans-1,2-DCE 0.45 3,100 2,911 
methylene chloride 0.3 2,500 3,874 
1,1,1-TCA 11 1,200 897 
PCE 3,071 230 178 
TCE 60 1,300 1,023 
vinyl chloride 0.016 1,200 913 

Note: Boldface number indicates concentration greater than soil saturation concentration.

Only one COC (PCE) has been detected at a concentration above the soil saturation 

concentration.  The concentration exceeds this level only in the source area of the Building 7 

Lobe of the Old Town Groundwater Plume, so only this area might have DNAPL present 

according to this criterion. 

4.2.2.2  Method 2 -- Effective Volubility of Constituents in Groundwater 

The USEPA (USEPA, 1992) recommends assessing the potential presence of DNAPLs 

by determining whether concentrations in groundwater exceed 1% of either the pure-phase 

volubility or the effective volubility (the theoretical upper-level dissolved-phase concentration of 
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a constituent in ground water in equilibrium with a mixed DNAPL).  Where multi-component 

mixtures are present, USEPA recommends that effective volubility (the solubility multiplied by 

the mole fraction) be calculated based on the mole fraction of each component in the DNAPL.  

However, insufficient data are available to allow accurate estimation of mole fractions in 

potential DNAPLs.  Therefore, the potential presence of DNAPL is estimated by comparing the 

pure-phase volubility (equivalent to the solubility) of COCs with their measured groundwater 

concentrations.  This simplification is unlikely to result in erroneous interpretations of the 

presence or absence of DNAPLs, although it cannot be used to predict the composition of multi-

phase DNAPLs.  Table 4.2.2-2 lists pure-phase volubilities (solubilities) of the soil COCs at 

Berkeley Lab. 

Table 4.2.2-2.  Pure-Phase Volubilities of Soil COCs. 

Soil COC Maximum  Concentration
Detected in Groundwater 

in FY03 
(µg/L)

Pure-Phase Volubility 
(Solubility)

(µg/L)

1% of Solubility 

(µg/L)

benzene 47 1,800,000 1,800 
carbon tetrachloride 4,600 790,000 7,900 
1,1-DCA 15,800 7,900,000 79,000 
1,2-DCA 75 8,500,000 85,000 
1,1-DCE 2,210 2,300,000 23,000 
cis-1,2-DCE 1,240 3,500,000 35,000 
trans-1,2-DCE 469 6,300,000 63,000 
methylene chloride 1,600 13,000,000 130,000 
1,1,1-TCA 277 1,300,000 13,000 
1,1,2-TCA 37 4,400,000 4,400 
PCE 76,035 200,000 2,000 
TCE 79,300 1,100,000 11,000 
vinyl chloride 835 2,800,000 2,800 

Note: Boldface number indicates concentration greater than 1% of solubility.

The data in Table 4.2.2-2 indicate that only two COCs (PCE and TCE) are present at 

concentrations greater than 1% of their solubility.  Concentrations of these COCs exceed 1% of 

their solubility only in the Building 7 Lobe of the Old Town Groundwater Plume and the 
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Building 71B lobe of the Building 71 Groundwater Solvent Plume, so only these areas might 

have DNAPL present according to this criterion. 

4.2.3 Identification of Potentially Applicable Corrective Measures Alternatives  

The corrective measures alternatives that are considered potentially applicable to 

halogenated VOCs in soil and groundwater are listed in Table 4.2.3-1 and Table 4.2.3-2,

respectively.

4.2.3.1 Preliminary Screening of Potentially Applicable Corrective Measures 
Alternatives

A step-wise screening process, as described in Section 3.3, was used to evaluate the 

corrective measures alternatives for VOCs in soil and groundwater at Berkeley Lab.  The 

screening consisted of an evaluation as to whether the method was potentially effective and 

applicable.  Each technology was screened based on a determination as to whether it could meet 

one or more of the following objectives: 

Remove the source of the groundwater plumes (potentially reduce COC 
concentrations in the source area where DNAPL and/or residual soil contamination is 
present)

Remediate the groundwater plume (potentially achieve MCSs downgradient from the 
source area) 

Control the COCs in order to protect human health and the environment (e.g., restrict 
migration of COCs into areas with lower COC concentrations).  

The results of the initial screening process are included in Table 4.2.3-1 and Table 4.2.3-2.

The retained technologies are discussed in more detail in the following section.   
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Based on the screening matrices presented above, the following corrective measures 

alternatives were retained for further evaluation:  

Soil

No Action 
Institutional Controls 
Containment (Capping, Solidification, Stabilization) 
Chemical Oxidation 
Soil Vapor Extraction 
Thermally Enhanced SVE/DPE 
Soil Flushing (with water) + Groundwater Extraction 
Soil Mixing 
Excavation with offsite disposal. 

Groundwater

No Action 
Monitored Natural Attenuation (plume core and periphery zones) 
Institutional Controls 
Containment and Capture (slurry walls, sheet pile walls, grout curtains drains, 
trenches, extraction wells) 
Permeable Reactive Barrier and Funnel & Gate (plume periphery zones) 
Chemical Oxidation 
Enhanced Bioremediation (plume core and periphery zones) 
Soil Flushing (with water) + Groundwater Extraction 
Dual-Phase Extraction (source zone). 

A discussion of the unit-specific applicability of each of these technologies is provided in 

the following section.  As discussed in Section 4.1.1.4, a tiered approach to meeting risk-based 

and regulatory-based groundwater MCSs is likely to be implemented at Berkeley Lab, therefore 

the effectiveness of each alternative in meeting each of these MCSs in the plume source area, 

plume core area, and plume periphery area was addressed individually.
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4.3. SITE-SPECIFIC SELECTION AND EVALUATION OF 
CORRECTIVE MEASURES ALTERNATIVES FOR VOLATILE 
ORGANIC COMPOUNDS (VOCS) IN SOIL AND GROUNDWATER  

This section describes the site-specific factors that affect the evaluation and selection of 

corrective measures alternatives, and includes discussions of the distribution of COCs, results of 

the human health risk assessment, concentration trends, previously implemented ICMs, and 

results of bench-scale and field-scale pilot tests.  The data and other information presented in this 

section are derived primarily from the Draft Final RFI Report (Berkeley Lab, 2000a), 

Environmental Restoration Program Quarterly Progress Reports, and the Human Health Risk 

Assessment (Berkeley Lab, 2003a). 

4.3.1. Building 51/64 Groundwater Solvent Plume 

The Building 51/64 Groundwater Solvent Plume is located in the Bevalac Area of 

Berkeley Lab, which primarily includes the Building 51/64 complex (the decommissioned 

Bevatron particle accelerator and support facilities) and the Building 71 complex (the 

decommissioned Super Heavy Ion Linear Accelerator [Super HILAC]).  Major development of 

the area began in the early 1950s, when construction started on the Bevatron and associated 

support facilities.  The Bevatron operated for almost 40 years from 1954 to 1993.  

The plume extends westward from the southeast corner of Building 64 (Figure 4.3.1-1).  

The principal plume constituents are halogenated VOCs that were used as cleaning solvents, 

including 1,1,1-TCA, TCE, PCE, and their associated degradation products (e.g. 1,1-DCE, 1,1-

DCA, cis-1,2-DCE, and vinyl chloride).  The principal source of the plume was likely the 

Building 51/64 Former Temporary Equipment Storage Area (AOC 9-12), although other sources 

in the Building 51/64 area may have contributed to the plume.  

Contaminated source area soils were excavated as an ICM in August 2000 and a 

groundwater extraction system was installed in the backfilled excavation.  In addition, an in situ

soil flushing pilot test is being conducted in the source area to evaluate the implementability of 

the method and its potential effectiveness in achieving MCSs.  Contaminated groundwater in the 

vicinity of Building 51 has the potential to enter the building’s subdrains, which originally were 
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routed to the stormdrain system that discharges to North Fork Strawberry Creek.  To avert 

discharges to the creek, an ICM was implemented in 1996 that routes water from the Building 51 

subdrain system to a groundwater treatment system.  The treated groundwater is then discharged 

to the sanitary sewer.  The locations of the ICMs and pilot test are shown on Figure 4.3.1-1.

4.3.1.1. Current Conditions 

Geology and Hydrogeology

The area of the Building 51/64 plume is underlain by sedimentary rocks of the Orinda 

Formation, which consist primarily of siltstones and fine-grained sandstones that strike 

approximately east-west and dip 25o to 60o to the north.  The bedrock is overlain by a thin veneer 

of artificial fill that thickens substantially to the southwest towards the former location of 

Blackberry Canyon, a major east-west-trending drainage course that bisected the current 

Building 51/64 area prior to development.  Artificial fill, in places greater than 100 feet thick, 

was placed in the drainages in the Bevalac area, and the ridges were cut by up to 40 feet to 

provide graded areas on which to construct buildings and parking lots.

The water table in the Building 51/64 Plume Area lies primarily within the Orinda 

Formation east of Building 51B, but is within the artificial fill to the west.  Slug tests and 

pumping tests conducted on wells screened in the Orinda Formation in the Building 51/64 plume 

area indicate hydraulic conductivity values ranging from approximately 2 x 10-9 to 3 x 10-8

meters per second.   

To the southwest of Building 64, the contact between artificial fill in Blackberry Canyon 

and the Orinda Formation cuts down across the water table.  Figure 4.3.1-2 shows the 

intersection between the water table and the predevelopment topographic surface, illustrating the 

area in which the water table lies within the artificial fill.  Slug test data in this area indicate 

relatively high hydraulic conductivities for the artificial fill (typically 10-7 to 10-6 meters per 

second).  Groundwater wells generally yield less than 200 gpd from wells screened solely in the 

Orinda Formation and have short-term yields greater than 200 gpd from wells screened wholly or 

partly in the artificial fill or colluvium (Figure 4.3.1-2).
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The water level elevation contour map for the Bevalac Area is shown on Figure 4.3.1-3,

and indicates that flow is approximately southwestwards.  The map contours indicate that the 

horizontal component of the hydraulic gradient (dh/dl) is approximately 0.4 near Building 64.  

Assuming a hydraulic conductivity (K) of 1 x 10-8 meters per second, which is typical of the 

Orinda Formation in this area and an effective porosity (ne) of approximately 0.2, Darcy’s law 

(vx = K/ne x dh/dl) results indicates an average linear groundwater velocity (vx) of 0.6 meters per 

year (2 feet per year).  For flow in the artificial fill, groundwater velocities would be expected to 

be approximately an order of magnitude greater. 

Groundwater Contamination

The Building 51/64 plume contains a number of halogenated non-aromatic VOCs, most of 

which have been detected at concentrations above MCLs.  The maximum concentrations of 

chemicals detected at concentrations above MCLs in FY03 are listed in Table 4.3.1-1, and are 

compared to the target risk-based MCSs.  PCE, carbon tetrachloride, 1,1-DCA, and vinyl chloride 

were detected in the groundwater at concentrations above target risk-based MCSs in FY03. 

Table 4.3.1-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 
in the Building 51/64 Groundwater Solvent Plume  

COC Maximum Concentration 
Detected in Groundwater in 

FY03

(µg/L)

Regulatory-Based
Groundwater
MCS (MCL) 

(µg/L)

Target Risk-Based 
Groundwater MCS

(µg/L)

TCE 1,590 5 1,594 
PCE 692 5 343 
carbon tetrachloride 40.6 0.5 27 
cis-1,2-DCE 226 6 98,405 
trans-1,2-DCE 25 10 94,405 
1,1-DCE 2,210 6 28,873 
methylene chloride 57.2 5 10,381 
1,1-DCA 15,800 5 3,663 
1,2-DCA 24.5 0.5 1,030 
vinyl chloride 835 0.5 12 
1,1,1-TCA 277 200 1,570,783 
1,1,2-TCA 11.1 5 1,905 

Note: Boldface concentration indicates that the maximum detected concentration of the COC in FY03 exceeds the 
target risk-based groundwater MCS. 
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Groundwater COC Trends

Before implementation of the source area ICM, halogenated VOCs were detected at total 

concentrations above 100,000 g/L in groundwater samples collected in the source area, with 1,1,1-

TCA comprising approximately 90% of the contaminant mass.  The source area was excavated as an 

ICM and backfilled with gravel in 2000.  Subsequent to the ICM, halogenated non-aromatic VOC 

concentrations have decreased to a total concentration of approximately 500 g/L or less in the 

source area, with the primary COC detected 1,1-DCA.

Concentration trends for total halogenated non-aromatic VOCs in the Building 51/64 

plume are shown on Figure 4.3.1-4a, Figure 4.3.1-4b, and Figure 4.3.1-5.  Concentrations of 

VOCs detected in MW51-96-18, SB64-98-17, and SB64-98-8 near the plume source area have 

decreased significantly since the ICM was implemented.  There has also been a decreasing trend in 

the concentrations of VOCs detected in MW51-96-16, in the plume core.  Except for a decrease in 

the concentration of vinyl chloride in MW56-98-2, concentrations of VOCs detected in other wells 

monitoring the plume have remained relatively constant. 

Most of the plume constituents comprise chemicals that represent primary or intermediate 

compounds in the PCE or 1,1,1-TCA degradation pathway.  The relative proportions of plume 

constituents differ substantially with distance downgradient from the source area.  The primary 

COC prior to the ICM (1,1,1-TCA) is generally detected only in the source area, with its 

daughter product, 1,1-DCA detected in the source area and also in downgradient areas.

A similar pattern is also observed for PCE and its daughter products.  Well MW51-96-18, 

which is located close to the source area, contains a higher fraction of PCE and TCE and a lower 

fraction of DCE and vinyl chloride (Figure 4.3.1-6) than core area well MW51-96-16 (Figure 4.3.1-

7), located about 100 feet downgradient from the source area.  Well MW51-00-8, located in the 

downgradient area, contains only degradation products with no PCE or TCE (Figure 4.3.1-8).  These 

three wells show consistent temporal trends in daughter/parent ratios.  The source area well (MW51-

96-16) shows an increase in the relative proportion of parent products through time, accompanied by 

a substantial decrease in concentrations (Figure 4.3.1-6).  This appears to indicate that the rate of 

degradation is slower than the rate of advection of COCs derived from desorption of residual soil 

COCs into the plume.  Proportions of parent/daughter products have remained relatively constant in 
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the mid-plume well MW51-96-16) (Figure 4.3.1-7) indicating that equilibrium has been reached 

between advection of COCs and degradation.  The downgradient well (MW51-00-8) has shown a 

relatively constant proportion of vinyl chloride to DCE over time, with the total concentration of 

VOCs also remaining relatively constant (Figure 4.3.1-8).  This suggests that equilibrium has been 

reached between advection of COCs and degradation in the downgradient area.  Since concentrations 

of COCs in the groundwater in the source area have been significantly reduced, the advection of 

COCs into the core and downgradient areas should decline over time.  

Soil Contamination

The primary VOCs detected in soil samples collected in the source zone for the Building 

51/64 Plume were 1,1,1-TCA, TCE, 1,1-DCA, and PCE.  Relatively high concentrations of 

VOCs (i.e., maximum concentrations of 1,1,1-TCA and PCE were 2,800 mg/kg and 680 mg/kg, 

respectively) were detected in soil samples collected from the excavated plume source  area prior 

to the ICM, with several COCs above target risk-based MCSs.  Residual VOC concentrations, 

however, are relatively low (0.23 mg/kg total VOCs maximum).  

Maximum concentrations of COCs detected in residual soil are listed in Table 4.3.1-2.

All concentrations are below both target risk-based MCSs and regulatory-based MCSs (for 

protection of groundwater).

Evidence of DNAPL and Residual Soil Contamination

Prior to the ICM, the concentrations of 1,1,1-TCA and PCE detected in the Building 

51/64 plume source area exceeded their soil saturation concentrations, indicating that free 

DNAPLs were probably present.  However, post-ICM soil sample concentrations were 

substantially below those levels.  Similarly, although concentrations of both carbon tetrachloride 

and 1,1,1-TCA in groundwater exceeded 1% of their solubilities and effective volubilities prior 

to the ICM, post-ICM concentrations were substantially below those levels.  These comparisons 

provide evidence for past, but not current presence of DNAPLs. 
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Table 4.3.1-2. Maximum Concentrations of COCs Detected in Residual Soil in the 
Building 51/64 Groundwater Solvent Plume Source Area  

COC Maximum 
Concentration

Detected
(mg/kg)

Target Risk-
Based

Soil MCS 
(mg/kg)

Regulatory-Based
Soil MCS(a)

(mg/kg)

PCE 0.16 0.45 0.7 
TCE 0.085 2.3 0.46 
cis-1,2-DCE 0.022 38 0.19 
1,1,1-TCA 0.11 690 7.8 
1,1-DCA 0.047 1.3 0.2 
1,1-DCE 0.006 8 1.0 
 (a) MCS for the protection of beneficial uses of groundwater. 

4.3.1.2. Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 51/64 Groundwater Solvent Plume:  

Residual soil contamination is not present at concentrations that exceed either 
regulatory-based or target risk-based MCSs.  However, soil containing high 
concentrations of COCs indicative of free DNAPLs was present prior to the source 
area soil excavation ICM.  The potential for leaching and dissolution of COCs from 
soil in the source area was substantially reduced as a result of the ICM. 

Groundwater COC concentrations have generally shown gradual long-term declines 
over most of the plume area.  A substantial decline in concentrations was observed in 
the ICM excavation area and immediately downgradient in post-ICM groundwater 
samples.   

Groundwater in the source area flows primarily through relatively low permeability 
rocks of the Orinda Formation.  The estimated groundwater velocity is approximately 
2 to 20 feet per year.

Groundwater yields are less than 200 gpd from upgradient and source area wells 
where the contamination is in the Orinda Formation.  Target risk-based MCSs are 
applicable to this area.  Groundwater yields are greater than 200 gpd from 
downgradient wells where the contamination is in the artificial fill and colluvium.  
Regulatory-based MCSs are applicable to this area.  

Spatial variations in plume chemistry and two studies on the potential for 
biodegradation indicate that biodegradation has been occurring throughout the 
Building 51/64 plume.  The lack of a temporal change in the relative proportions of 
COCs in the central plume area indicates that a relative state of equilibrium has been 
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reached between degradation of dissolved COCs in this area and desorption and 
downgradient migration of COCs from the source area.   

Migration of COCs beyond the downgradient boundary of the plume does not appear 
to be occurring, with the downgradient limit of detectable COCs remaining static.  
Migration of COCs to North Fork Strawberry Creek via the Building 51 subdrain 
system is not occurring because water from the subdrain is conveyed to a treatment 
system then discharged to the sanitary sewer. 

Concentrations of COCs exceed target risk-based MCSs in groundwater near the 
source area, and vinyl chloride slightly exceeds target risk-based MCSs in the central 
part of the plume.  The potential human receptor and risk-based exposure pathway of 
potential concern is exposure to COCs by a hypothetical future indoor worker 
breathing vapor migrating from the groundwater to indoor air (Berkeley Lab, 2003a).

Concentrations of COCs throughout most of the plume exceed regulatory-based 
MCSs.  However, regulatory-based MCSs are only applicable to the downgradient 
portion of the plume, where the water table is in the fill. 

4.3.1.3. Evaluation of Retained Corrective Measures Alternatives 

Concentrations of soil COCs in the Building 51/64 plume source area are less than both 

target risk-based and regulatory-based MCSs.  Concentrations of several groundwater COCs 

exceed target risk-based MCSs in the plume source area beneath the southeast corner of Building 

64.  In addition, the concentration of vinyl chloride slightly exceeds target risk-based MCS in the 

central portion of the plume.  Regulatory-based MCSs are not applicable to the source area of the 

plume, and the area immediately downgradient from the source area, since well yields are less 

than 200 gpd.  However regulatory-based MCSs are probably applicable to the downgradient 

area of the plume, beneath and northwest of Building 51B.  No migration of COCs is occurring 

beyond the plume margins, so migration control is not a concern.

The corrective measures alternatives that are evaluated for the Building 51/64 

Groundwater Solvent Plume are those that were retained in Table 4.2.3-1 and Table 4.2.3-2 (for 

soil and groundwater, respectively).  The results of the evaluation are provided in Table 4.3.1-3

and discussed below. 

No Action

No action for the Building 51/64 Groundwater Solvent Plume would consist of 

terminating all groundwater monitoring activities, stopping of the ongoing Building 64 soil 
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flushing pilot test and groundwater extraction from the gravel-filled ICM excavation, and 

allowing water in the Building 51 subdrain system to flow through the stormdrain system to 

North Fork Strawberry Creek.  Concentrations of COCs in the groundwater would likely remain 

at levels greater than both target risk-based MCSs and regulatory-based MCSs, for the 

foreseeable future.  These conditions would require establishment of Institutional Controls in 

order to protect future workers, and/or to designate groundwater as a non-drinking water source.  

In addition, this alternative would likely be unacceptable to the regulatory agencies and the 

community.  The No Action alternative is not protective of human health and the environment 

and is therefore eliminated from further consideration. 

Monitored Natural Attenuation

Studies of chemical (i.e., specific electron acceptors and metabolic byproducts) and 

biological parameters applicable to the potential for biodegradation of the Building 51/64 plume 

were conducted in both 1997 and 2003.  Both studies concluded that the potential for 

biodegradation within the plume was high.  A report discussing the results of the 2003 

investigation is contained in Appendix E.  In addition, concentrations of VOCs in the 

groundwater in the source area have been significantly reduced since the source area soil 

excavation ICM was completed.  The lines of evidence that demonstrate that MNA would be an 

effective alternative for remediation of the Building 51/64 Groundwater Solvent Plume are as 

follows:  

1. The source area has been removed. 

2. The contaminants are biodegradable. 

3. The plume is stable. 

4.  Biodegradation daughter products are present and increase in proportion downgradient 
from the source area. 

5. Bacteria capable of degrading chlorinated solvents were identified as being present in 
the plume. 

6. Isotopic analysis of parent and daughter products indicates that biodegradation is 
occurring and vinyl chloride is being converted to ethane.

7. pH, moisture, and organic carbon content are sufficient to support natural biodegradation. 

8. Culturable bacteria densities indicated that microbial activity was normal and high 
enough to support significant biodegradation activity. 
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MNA is therefore the recommended alternative for the Building 51/64 Groundwater 

Solvent Plume.  However, relatively high concentrations of halogenated VOCs still remain in the 

groundwater adjacent to the excavated source area.  The effectiveness of MNA and the length of 

time required to attain the required MCSs may be significantly improved if this area were first 

isolated from the remainder of the plume and/or concentrations of COCs in groundwater in the 

source area are reduced.  More aggressive remediation technologies are therefore recommended 

for the source area in combination with MNA, as described below. 

Institutional Controls 

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies and the community, and is 

therefore not recommended.   

Groundwater Containment/Capture

The groundwater plume is stable so no containment or capture of the plume boundary is 

currently required or planned.  However, containment of COCs in the source area of the plume 

would likely allow MNA to result in decreasing COC concentrations in downgradient areas.  

Therefore, containment of the source area using a groundwater extraction trench, or groundwater 

extraction wells, is a recommended alternative for the plume when used in conjunction with 

another method such as MNA.   

An ICM that captures and treats water in the Building 51 subdrain system was installed to 

prevent COCs from flowing through the stormdrain system to North Fork Strawberry Creek.  

Continuing capture and treatment is required as a regulatory compliance measure until discharge to 

surface water is shown to be below detectable levels.

Permeable Reactive Barrier/Funnel and Gate

A permeable reactive barrier or funnel and gate system would serve a similar function to 

a groundwater capture system, and therefore could be applicable to source containment.  
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Therefore, this method could be used to minimize migration of COCs from the source area to 

downgradient areas, and is considered to be a recommended alternative when used in 

conjunction with MNA. 

Chemical Oxidation

The effectiveness of chemical oxidation for remediation of the source area of the plume is 

not known and would require pilot testing prior to any full-scale implementation.  In situ 

chemical oxidation is generally not effective in low permeability materials such as the Orinda 

Formation.  As described in Section 4.3.2, pilot testing of this technology in the low permeability 

Building 51L Groundwater Solvent Plume source area was not effective, so this method is 

unlikely to be effective for the Building 51/64 plume, and is therefore not recommended.  

Soil Vapor Extraction (SVE) and Thermally Enhanced Dual Phase Extraction (DPE) 

The effectiveness of soil vapor extraction (SVE) systems is controlled by both 

contaminant volatility and subsurface vapor flow.  The COCs detected at the Building 51/64 

plume are highly volatile and can be easily removed from soil and groundwater if sufficient 

vapor flow through the soil can be established.  Thermal heating, in combination with dewatering, 

dries the soil, thereby increasing the effectiveness of an SVE system.  However, the method is not 

effective in low permeability materials (such as the Orinda Formation in the Building 51/64 area), 

which still retain excess moisture even with soil drying.  In addition, due to the high capital and 

operating cost of treating a small area such as the Building 51/64 plume source area, this alternative 

is not recommended.   

Soil Mixing

Since the remaining soil COCs at the Building 51/64 Plume source area lie beneath 

Building 51/64, soil mixing is not implementable at this unit.  In addition, the shallow depth of 

soil contamination would lend itself readily to soil excavation for a similar cost to soil mixing, 

with a much greater potential effectiveness.  Soil mixing is therefore not recommended.   
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Enhanced Bioremediation

Available data indicate that natural biodegradation of COCs is occurring within the 

Building 51/64 plume, and that enhancement could potentially interfere with the naturally 

occurring degradation processes.  In addition, the relatively high dissolved oxygen (DO) 

concentrations in the plume core area indicate that the application of HRC® would not be an 

effective alternative.  An additional concern with the use of HRC is that concentrations of metals 

dissolved in the groundwater can increase significantly due to the lowered pH.  Enhanced 

bioremediation is therefore not recommended for consideration.  

Soil Flushing and Groundwater Extraction

A soil flushing pilot test, consisting of a groundwater injection trench inside Building 64 

and a groundwater extraction trench east of the building was initiated in the plume source zone in 

October 2003.  The test was designed to target an inclined, relatively high permeability zone, 

which appeared to be a migration pathway for groundwater COCs.  Although insufficient time 

has elapsed to assess the long-term effectiveness of the pilot test, initial data indicate that the 

method has been effective and that COCs are being mobilized toward the extraction trench.  

However, to increase the effectiveness of the test and reduce the potential for mobilization of 

COCs to the southwest of the test area, an additional extraction trench located downgradient 

from the injection trench is recommended. 

Excavation with Offsite Disposal

Based on available sampling data, residual soil concentrations are below both target risk-

based and regulatory-based MCSs.  The highest concentrations of soil COCs are likely located at 

shallow depths under the southeast end of Building 64, where the residual COCs sorbed to soil 

are likely present due to equilibrium partitioning with the dissolved phase.  The highest 

concentrations of groundwater contaminants are also present at shallow depths under the 

southeast corner of the building.  Since building 64 overlies the source area, excavation is not 

currently possible, but should be considered if the building were to be removed. 
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Summary of Building 51/64 Plume Corrective Measures Implementation Strategy

The remediation objectives for the Building 51/64 Plume are to: 1) ensure that 

groundwater COCs at concentrations exceeding regulatory-based MCSs do not migrate into 

areas where concentrations are less than MCLs; 2) reduce groundwater COCs concentrations in 

the source area below target risk-based MCSs; 3) reduce vinyl chloride concentrations in the area 

near Building 51B area to below the target risk-based MCS; 4) reduce groundwater COC 

concentrations in the downgradient area where well yields exceed 200 gpd to below regulatory-

based MCSs; and, 5) ensure that groundwater COCs at detectable concentrations do not migrate 

to surface water through the storm drain system.   

The pilot test results indicate that soil flushing may be effective in meeting remediation 

objective (2), reducing groundwater COC concentrations in the source area to below target risk-

based MCSs.  The pilot test would be continued as the proposed corrective measure; however, it 

would be enhanced with an additional groundwater collection trench extending along the south 

side of Building 64.  This collection trench would both reduce the potential for hydraulic head 

changes caused by soil flushing to increase groundwater advection rates, and reduce the potential 

for COCs at concentrations above regulatory-based MCSs to migrate from the source area to 

downgradient areas (remediation objective [1]).  Although a permeable reactive barrier or funnel 

and gate system could also reduce migration of COCs, it would not be effective in controlling 

hydraulic head changes caused by source area soil flushing, and so is not recommended.  

Excavation of source area soils would also be effective in meeting remediation objectives (1) and 

(2), but it should be considered only if Building 64 were to be removed.  A comparison of the costs 

of soil flushing vs excavation is provided in Appendix C.  

Given that MNA has been documented to be a viable corrective measure for the the 

plume, remediation objectives (1), (3), and (4) are likely to be met by MNA, as long as 

containment and remediation of the source zone is conducted, as described above.

Objective (5) should be met by continued capture and treatment of groundwater in the 

Building 51 subdrain system until it can be shown that COC concentrations at the point of 

compliance (the outfall to the creek) are below detectable levels. 
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4.3.2. Building 51L Groundwater Solvent Plume and Source Area 

The Building 51L Groundwater Solvent Plume is centered near the southwest corner of 

Building 51L in the Bevalac Area of Berkeley Lab (Figure 4.3.2-1).  The Bevalac Area is 

described in Section 4.3.1.

Building 51L was constructed in the early 1980’s as a computer support facility for 

Bevatron operations.  In the early 1990’s, Building 51L was reconfigured for use as a computer 

training facility.  The use of the building for conducting training classes was terminated at the 

end of 2003, and the building was demolished in March 2004 as part of the Bevatron 

decommissioning process.  A machine/maintenance shop was located in the Building 51L area 

prior to the 1970’s.  Solvent drum racks were reportedly located at various times at the current 

Building 51L location, along the adjacent wall of Building 51A, and along a former retaining 

wall located approximately 20 feet west of Building 51L.   

The principal plume constituents are halogenated VOCs that were used as cleaning 

solvents, including TCE, PCE,  and associated degradation products (e.g., cis-1,2-DCE, trans-

1,2-DCE, and vinyl chloride).  Based on the results of soil and groundwater sampling, solvent 

spills that occurred at the location of Building 51L appear to be the primary source for the soil 

and groundwater contamination. 

4.3.2.1 Current Conditions 

Geology and Hydrogeology

Building 51L was constructed on artificial fill that lies within a former hillside swale 

(Figure 4.3.2-2).  The locations of soil borings, groundwater monitoring wells, and temporary 

groundwater sampling points in the Building 51L area are shown on Figure 4.3.2-3.  An east-west 

geologic cross section (A-A’) immediately south of Building 51L is shown on Figure 4.3.2-4.  The 

artificial fill underlying the Building 51L area consists of gravelly clay and sandy or clayey silt.  

The thickness of the fill increases from approximately 10 to 20 feet at the retaining wall west of 

Building 51L to 30 feet to the northeast of the building.  The artificial fill overlies residual 

soil/colluvium consisting primarily of silty clay with some gravel that ranges from approximately 5 
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to 20 feet thick.  Underlying the soil/colluvium is shale and siltstone of the Great Valley Group.  

The three geologic units (fill, soil/colluvium, and bedrock) beneath the site act as distinct 

hydrogeologic units. 

Groundwater is extracted from two wells south of the former location of Building 51L as 

an ICM.  Groundwater extraction has resulted in drawdown of the water table to depths as great 

as 20 to 35 feet bgs near the extraction wells.  In the absence of groundwater extraction, the 

water table would be between approximately 13 and 15 feet bgs in this area.

Based on laboratory-wide slug tests, the hydraulic conductivity ranges from 10-5 to 10-7

meter per second for colluvium/alluvium, 10-5 to 10-8 meters per second for the Great Valley 

Group, and 10-6 to 10-8 meters per second for artificial fill.  Based on the performance of the 

extraction wells, the long-term sustainable yield from the Great Valley Group bedrock in this 

area is less than 200 gpd.  Groundwater yields measured in wells screened in the fill above the 

bedrock in the Building 51L area are also less than 200 gpd.

The water level elevation contour map for the Bevalac Area is shown on Figure 4.3.1-3,

and indicates that regional flow is northward near Building 51L.  The gradient has been locally 

modified by groundwater extraction at the south end of the building.  On the west side of 

Building 51L, the gradient in the artificial fill appears to be directed toward the stormdrain 

backfill and/or storm drain catch basin.   

The groundwater elevation map contours indicate that the horizontal component of the 

hydraulic gradient (dh/dl) is approximately 0.3 near Building 51L.  Assuming a hydraulic 

conductivity (K) of 1 x 10-7 meters per second, which is typical of artificial fill and an effective 

porosity (ne) of approximately 0.2, Darcy’s law (vx = K/ne x dh/dl) results indicates an average 

linear groundwater velocity (vx) of 4.5 meters per year (15 feet per year).

Groundwater Contamination

The Building 51L Groundwater Solvent Plume contains a number of halogenated non-

aromatic VOCs, most of which have been detected at concentrations above MCLs (Table 4.3.2-

1).  The maximum concentrations of chemicals detected at concentrations above MCLs in FY03 
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are listed in Table 4.3.2-1, and are compared to the target risk-based MCSs.  Vinyl chloride was 

detected at concentrations exceeding the target risk-based MCS.   

The highest total VOC concentrations in groundwater are present in a northwest-trending 

zone (Figure 4.3.2-5) whose west edge lies close to the active stormdrain west of Building 51L 

(Berkeley Lab, 2002c).  The area in which the maximum concentrations of primary solvent 

products (i.e., PCE and TCE) in groundwater have been detected is apparently offset to the 

northeast of the locus of maximum concentrations of daughter (degradation) products (cis-1,2-

DCE, trans-1,2-DCE, and vinyl chloride).  This suggests either that groundwater flow has 

generally been directed westward toward the stormdrain or that conditions favorable for 

degradation occur to the west (Berkeley Lab, 2002c). 

Table 4.3.2-1.   Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 51L Groundwater Solvent Plume 

COC Maximum Concentration 
Detected in Groundwater 

in FY03 

( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-
Based

Groundwater 
MCS
( g/L)

carbon tetrachloride 2.7 0.5 27 
1,1-DCA 245 5 3,663 
1,1-DCE 71 6 1,030 
cis-1,2-DCE 1,100 6 98,405 
trans-1,2-DCE 469 10 94,405 
PCE 40 5 343 
TCE 1,373 5 1,594 
vinyl chloride 542 0.5 12 

Note: boldface concentration indicates that the maximum detected concentration of the COC in FY03 exceeds the target risk-
based groundwater MCS. 

The plume covers a relatively small area approximately 100 feet wide by 70 feet long 

centered under the southwest corner of Building 51L (Figure 4.3.2-5).  Groundwater contaminants 

have generally not been detected in wells screened in bedrock, indicating that the vertical extent of 

groundwater contamination is limited to the overlying fill and colluvium.   
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Groundwater COC Trends

Concentrations of the individual halogenated VOCs detected in temporary groundwater 

sampling points SB51L-98-1A and SB51L-02-3 located near the southwest corner of Building 

51L have been increasing (Figure 4.3.2-6).  The increases in concentrations appear to be related 

to groundwater extraction from EW51L-00-1, located approximately 10 to 15 feet from the 

sampling points.  

Soil Contamination

Maximum concentrations of COCs detected in the soil in the source area of the Building 51L 

Groundwater Solvent Plume are listed in Table 4.3.2-2.  The concentrations of soil COCs are less 

than the target risk-based MCSs, except for PCE and TCE.  The maximum concentrations of PCE 

and TCE were detected under Building 51L, at approximately 6.5 to 12 feet below the building 

(Figure 4.3.2-7).  PCE was either the primary contaminant detected or it was detected at 

approximately the same concentration as TCE in this area.  At almost all other locations, TCE was 

the primary contaminant detected.  Total concentrations of VOCs above 1 mg/kg extend to a 

maximum depth of approximately 20 feet.  The contamination is restricted primarily to the fill and 

underlying colluvium.   

Table 4.3.2-2. Maximum Concentrations of COCs Detected in Soil in the 
Building 51L Groundwater Solvent Plume  

COC Maximum Concentration Detected 
(mg/kg)

Target Risk-Based Soil MCS 
(mg/kg)

PCE 21 0.45
TCE 24 2.3
1,1,1-TCA 0.019 690 
1,1-DCA 0.8 1.3 
1,1-DCE 0.17 7.9 
1,2-DCA 0.029 0.23 
benzene 0.0053 0.1 
cis-1,2-DCE 3.1 38 
trans-1,2-DCE 0.45 50 
vinyl chloride 0.012 0.0035 

Note: boldface concentration indicates that the concentration exceeds the target risk-based soil MCS. 
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Evidence of DNAPL 

Since the maximum concentrations of COCs detected in the soil are substantially lower 

than their soil saturation concentrations, the soil data provide no evidence for the presence of 

DNAPL.  Similarly, concentrations of COCs in groundwater are low relative to their solubilities 

and effective volubilities, again providing no evidence for the presence of DNAPL.  

4.3.2.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 51L Groundwater Solvent Plume and 

source area: 

No evidence is available suggesting the presence of free-phase DNAPL in soil or 
groundwater.

Soil and groundwater contamination is limited to the upper 20 to 25 feet in the 
artificial fill and colluvium.  

Artificial fill and colluvium/residual soil beneath the Building 51L area have 
relatively low permeabilities.  Groundwater wells screened in these units yield less 
than 200 gpd.  In addition, based on the performance of the groundwater extraction 
wells, the long-term sustainable yield from the underlying Great Valley Group 
bedrock in this area is less than 200 gpd.  Target risk-based MCSs are therefore 
applicable.   

The COCs appear to have undergone some natural biodegradation.  Byproducts of 
PCE and TCE degradation, including cis-1,2 DCE and vinyl chloride have been 
detected in the soil and groundwater.

Vinyl chloride is the only COC that exceeds the target risk-based MCS for 
groundwater.  PCE and TCE concentrations exceed the target risk-based MCSs for 
soil.  The potential human receptor and risk-based exposure pathway of potential 
concern is exposure to COCs by a hypothetical future indoor worker breathing vapor 
migrating from the groundwater or from soil to indoor air (Berkeley Lab, 2003a).

Migration of COCs beyond the downgradient boundary of the plume does not appear 
to be occurring, with the downgradient limit of detectable COCs remaining static.  

4.3.2.3 Evaluation of Retained Corrective Measures Alternatives 

Concentrations of both soil and groundwater COCs in the Building 51L plume and source 

area exceed target risk-based MCSs.  Regulatory-based MCSs are not applicable.  Available data 
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indicate that DNAPLs are not present.  No migration of COCs is occurring beyond the plume 

margins, so migration control is not a concern.  Transfer of COCs to surface water could 

potentially occur through the storm drain system, if the groundwater level were not maintained 

beneath the base of the storm drain by pumping.  However, as a result of dilution and 

volatilization of COCs,  the chemical concentrations should be below detectable levels at the 

outflow to the creek, as shown by the absence of detectable Building 51L plume COCs in surface 

water samples collected from North Fork Strawberry Creek prior to groundwater extraction. 

The corrective measures alternatives that are evaluated for the Building 51L Groundwater 

Solvent Plume and source area are those that were retained in Table 4.2.3-1 and Table 4.2.3-2

(for soil and groundwater, respectively).  The results of the evaluation are provided in Table

4.3.2-3 and discussed below. 

No Action

No action for the Building 51L Groundwater Solvent Plume would consist of termination 

of all groundwater monitoring activities and stopping of extraction and treatment of 

groundwater.  Under this alternative, once extraction was halted, contaminated groundwater 

could enter the storm drain system and then flow into North Fork Strawberry Creek, although as 

described above, the COC concentrations would likely remain below levels of concern at the 

creek outfall.  Since there is no evidence that COC concentrations are declining, groundwater 

concentrations would likely remain above target risk-based MCSs for the foreseeable future.  

These conditions would require establishment of Institutional Controls to protect future workers.

In addition, this alternative would likely be unacceptable to the regulatory agencies and the 

community.  The No Action alternative is not protective of human health and the environment 

and is therefore eliminated from further consideration. 
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Monitored Natural Attenuation

A site-wide evaluation of geochemical parameters indicative of the potential for natural 

degradation of COCs was conducted in 1997, including the Building 51L plume area.  

Geochemical parameters measured in well MW51-97-16, located near the core of the plume 

indicated conditions favorable for natural degradation processes.  In particular, the dissolved 

oxygen concentration was very low (0.13 mg/L), nitrate and nitrite were not detected, manganese 

(Mn2+) concentrations were low, and ferrous iron (Fe2+) was present.  These are favorable redox 

conditions under which reductive dechlorination of PCE and TCE by microorganisms can occur. 

MNA, however, is considered not to be a potentially effective alternative under current 

plume conditions based on the relatively stable COC concentrations observed in the groundwater 

over the past several years.  These observations indicate that MNA would not be an effective 

alternative unless the source area is first isolated from the remainder of the plume and/or 

concentrations of COCs in groundwater in the source area are significantly reduced.  Therefore, 

MNA should only be considered in combination with more aggressive remediation technologies.  

Institutional Controls

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies and the community, and is 

therefore not recommended.   

Groundwater Containment/Capture

The groundwater plume is stable, so no containment or capture of the plume boundary is 

currently required or planned.

An ICM consisting of a temporary groundwater pump-and-treat system was installed to 

lower the groundwater table and prevent infiltration of impacted groundwater into the storm drain 

system, and subsequent migration to surface water (North Fork Strawberry Creek).  Continuing 

capture and treatment is required as a regulatory compliance measure until discharge to surface water 
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is shown to be below detectable levels.  Lining or rerouting the storm drain line so that it does not 

traverse the plume area is recommended to achieve this objective and would allow discontinuing of 

groundwater capture. 

Permeable Reactive Barrier/Funnel and Gate

The groundwater plume is stable, so rates of advection are low, so a permeable reactive 

barrier or funnel and gate system is not required to capture the plume boundary or control 

releases from the plume core area. 

Chemical Oxidation

An in situ chemical oxidation pilot test was completed in the Building 51L Groundwater 

Solvent Plume source area in 2002.  The purpose of the test was to determine the 

implementability and effectiveness of chemical oxidation to treat impacted groundwater at the 

unit.  The report describing the test methodology and results is included in Appendix B.  The 

test consisted of the injection of hydrogen peroxide (H2O2), combined with citric acid.  

Subsequent monitoring in nearby observation wells (e.g., Figure 4.3.2-8 showing results for 

SB51L-03-1) indicated that the effect of chemical oxidation on contaminant levels was 

immediate, but short lived.  Concentration levels rebounded quickly exceeding baseline and 

historical levels within a month in some cases (i.e., cis-1,2-DCE, Figure 4.3.2-8).  Based on the 

results of the pilot test, chemical oxidation is not a recommended alternative.  

Enhanced Bioremediation

A pilot test would need to be performed to evaluate the feasibility of enhanced 

bioremediation.  However, because enhanced bioremediation requires the delivery of the 

enhancing agent to the source solvents, it is generally not effective in low permeability materials 

such as the fill/colluvium where the COCs are present at the unit, and is therefore not 

recommended.   

Soil Flushing and Groundwater Extraction

Soil flushing using injection trenches constructed in the unsaturated zone could be used 

to flush contaminants from the vadose zone into the underlying saturated zone where 
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contaminants could be pumped and treated.  This alternative is not recommended, however 

because the low permeability of the artificial fill, where most of the soil contamination is present, 

and the heterogeneous nature of the fill and colluvium limit the effectiveness of the method. 

Soil Vapor Extraction (SVE) and Thermally Enhanced Dual Phase Extraction (DPE) 

The effectiveness of SVE systems is controlled by both contaminant volatility and subsurface 

vapor flow.  The COCs detected at the Building 51L plume are highly volatile and can be easily 

removed from soil and groundwater if sufficient vapor flow through the soil can be established.  

Thermal heating, in combination with dewatering, dries the soil, thereby increasing the effectiveness 

of an SVE system.  However, the method is not effective in low permeability materials (such as the 

silt and clay material comprising the artificial fill at Building 51L), which still retain sufficient 

moisture even with soil drying.  In addition, due to the high capital and operating cost of treating 

such a small area as the Building 51L plume, this alternative is not recommended. 

Soil Mixing

Soil mixing is an implementable technology for the plume source area, but the 

effectiveness of this technology is not known.  Excavation is preferred to soil mixing since 

excavation would be effective, and the cost of soil mixing would be higher than the costs of 

excavation, given the small source area and the need for pilot testing soil mixing prior to 

implementation.  Soil mixing is therefore not recommended. 

Excavation and Offsite Soil Disposal 

Concentrations of both soil and groundwater COCs are above target risk-based MCSs.  The 

highest concentrations of COCs are present at relatively shallow depths (approximately 20 to 25 feet 

bgs maximum) beneath the area where the southwest end of Building 51L was formerly located.  

Since the building was removed, excavation is now an implementable alternative.  Excavation of the 

low permeability fill along with the contaminated groundwater would likely reduce contaminant 

concentrations below target risk-based MCSs. Excavation can be completed using either a long-

armed excavator or closely-spaced, large diameter, soil-auger borings.
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Summary of Building 51L Corrective Measures Implementation Strategy

The remediation objectives for the Building 51L Groundwater Solvent Plume and source 

area are to: 1) ensure that groundwater COCs at detectable concentrations do not migrate to 

surface water through the storm drain system; 2) ensure that groundwater COCs at 

concentrations exceeding regulatory-based MCSs do not migrate into areas where concentrations 

are less than MCSs; 3) reduce groundwater COC concentrations below target risk-based MCSs; 

and 4) reduce soil COC concentrations below target risk-based MCSs.

Lining or rerouting the storm drain line so that it does not traverse the plume area is the 

recommended alternative to meet remediation objective (1).  Groundwater extraction will 

continue until this is accomplished, or until it can be shown that COC concentrations at the point 

of compliance (the outfall to the creek) are below detectable levels.   

No action is needed to meet objective (2) since migration of the plume has not been 

occurring.

Given the small size of the impacted area, soil excavation and offsite disposal is the 

recommended alternative to remove contaminated material in both the saturated and unsaturated 

zones.  This measure will meet both objective (3) and objective (4).  After excavation has 

reduced COC concentrations below risk-based levels in the central plume area it is likely that 

natural attenuation processes will further reduce COC concentrations in the groundwater.
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4.3.3 Building 71 Groundwater Solvent Plume (Building 71B Lobe) 

The Building 71 Groundwater Solvent Plume extends southwestward from Building 71 

and 71B in the Bevalac Area of Berkeley Lab (Figure 4.3.2-1).  The plume consists of two 

distinct lobes that have different sources, based on contaminant chemistry, plume geometry, and 

hydraulic gradient information.  The Building 71B and Building 71 lobes extend southwestward 

from Building 71B and Building 71, respectively, and lobes commingle just north of Building 

46A (Figure 4.3.3-1).  The Building 71 lobe is not discussed further in this document, since 

VOC concentrations have been decreasing and were below MCLs when wells monitoring the 

plume were last sampled in July 2003. 

The Bevalac Area is described in Section 4.3.1.  The Building 71 complex housed the 

former Super Heavy Ion Linear Accelerator (Super HILAC) and associated support facilities.  The 

Super HILAC is no longer in operation.  Building 71B houses a machine shop.   

The principal Building 71B lobe constituents are halogenated VOCs that were used as 

cleaning solvents, including TCE, PCE, and associated degradation products (e.g., cis-1,2-DCE, 

and vinyl chloride).  Based on the results of soil and groundwater sampling, solvent spills that 

occurred at the location of Building 71B appear to be the primary source for the soil and 

groundwater contamination. 

Two pilot tests and an ICM were conducted to evaluate potential corrective measures 

alternatives for the Building 71B lobe.  The pilot tests consisted of situ chemical oxidation (ISCO) 

and enhanced bioremediation using HRC.  Reports describing the methodology and results of the 

pilot tests are included in Appendix B.  The ICM consisted of excavation of contaminated source 

area soil from beneath and south of Building 71B.   

4.3.3.1 Current Conditions 

Geology and Hydrogeology

Bedrock in the Building 71B lobe area is composed of fractured silty sandstone and 

sandy siltstone of the Orinda Formation.  Prior to building construction, the main branch of 

North Fork Strawberry Creek flowed southwestward from the east end of Building 71 beneath 
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the west end of Building 71B towards Building 51.  During development, a 48-inch concrete 

pipe was placed in the bottom of the creek to convey surface water, and the channel was filled 

with artificial fill consisting of clay, gravelly clay, and silty sand.  The Building 71B lobe is 

oriented approximately along the former creek alignment.  The surface topography near 

Buildings 71 and 71B now slopes steeply to the south and southwest toward the Bevatron 

complex (Building 51).   

Groundwater is present in both the Orinda Formation and the surficial fill units, with the 

depth to groundwater ranging from approximately 10 to 40 feet bgs.  Water level fluctuations of 

more than 10 feet are observed between winter and summer in well MW71B-99-3R in the 

Building 71B lobe source area.

Based on results of slug tests conducted in monitoring wells, the Orinda Formation has a 

hydraulic conductivity ranging from approximately 10-7 to 10-9 meters per second.  Based on 

data from elsewhere at Berkeley Lab, hydraulic conductivities in the artificial fill are expected to 

be higher (10-6 to 10-8 meters per second ).  As shown on Figure 4.3.3-1, groundwater 

monitoring well MW71B-99-3R in the source area can produce more than 200 gpd, whereas 

groundwater monitoring well MW71B-98-13 in the core area cannot. 

The water level elevation contour map for the Bevalac Area is shown on Figure 4.3.1-3,

and indicates that groundwater flow in the Building 71/71B area is southwestward toward 

Building 51 (Figure 4.3.1-3).  The map contours that the horizontal component of the hydraulic 

gradient (dh/dl) is approximately 0.2 and 0.3 near Building 71B.  Assuming a hydraulic 

conductivity (K) of 1 x 10-7 meters per second for the artificial fill, a gradient of 0.3, and an 

effective porosity (ne) of approximately 0.25, Darcy’s law (vx = K/ne x dh/dl) indicates that the 

average linear groundwater velocity (vx) would be 4 meters per year (13 feet per year).  For flow 

in the underlying Orinda Formation bedrock, groundwater velocities would be expected to be 

approximately an order of magnitude lower. 

Groundwater Contamination

The Building 71B lobe contains halogenated non-aromatic VOCs, most of which have been 

detected at concentrations above MCLs.  Chemicals that were detected at concentrations above 
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MCLs in FY03 are listed in Table 4.3.3-1, where the maximum detected concentrations are 

compared to the target risk-based MCSs.  This table includes groundwater samples collected in 

2004 from temporary groundwater sampling points installed for the chemical oxidation pilot test.  

PCE has been detected in the groundwater at concentrations exceeding the target risk-based MCS. 

Table 4.3.3-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 71B Lobe of the Building 71 Solvent Plume

COC Maximum
Concentration Detected 

in Groundwater in 
FY03(a)

(µg/L)

Regulatory-Based
Groundwater MCS 

(MCL)

(µg/L)

Target Risk-Based 
Groundwater MCS 

(µg/L)

TCE 277 5 1,594 
PCE 5,620 5 343 
cis-1,2-DCE 324 6 98,405 
vinyl chloride 5.2 0.5 12 

(a) Table also includes groundwater samples collected in 2004 from temporary groundwater sampling points installed for 
the chemical oxidation pilot test at building 71B. 

Note: boldface concentration indicates that the maximum detected concentration of the COC exceeds the target risk-based 
groundwater MCS. 

Groundwater COC Trends

Concentration trends for total halogenated non-aromatic VOCs in the Building 71B lobe 

are shown on Figures 4.3.3-2a and 4.3.3-2b.  A long-term decline in groundwater 

concentrations has been observed from approximately 1992 to the present in wells MW90-3, 

MW90-4 and MW90-5, monitoring the downgradient portion of the lobe; and the downgradient 

boundary of the lobe has apparently retreated over the same period.  Concentrations of COCs in 

wells monitoring the upgradient part of the lobe have remained relatively stable over 6 years of 

monitoring, except for recent changes in the source area that are the result of pilot test 

operations.  Seasonal oscillations in COC concentrations in source area well MW71B-99-3R 

correlate with oscillations in the water table elevation.  These corresponding variations indicate 

dissolution and leaching of soil contaminants during the rainy season, either when the water table 

rises into contaminated soils, or from flushing of contaminated soil by surface water infiltration.  

Leaking storm drain lines in the source area were repaired during the soil excavation ICM to 

prevent them from being an uncontrolled source of soil flushing.
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All of the plume constituents comprise chemicals that represent primary or intermediate 

compounds in the primary PCE degradation pathway.  The relative proportions of plume constituents 

differ substantially with distance downgradient from the source area.  Well MW71B-99-3R, which is 

located close to the source area, contains more than 90% PCE (Figure 4.3.3-3).  Well MW71B-98-

13, located about 50 feet crossgradient from the source area, and well MW90-3, located 

approximately 180 feet downgradient, contain approximately 30 to 40% PCE, with the remainder 

consisting of PCE-degradation products (Figure 4.3.3-4 and Figure 4.3.3-5).  The changes in the 

proportions of plume constituents away from the source area indicate that degradation has occurred 

during plume migration.  The proportions of constituents, however, are similar in both MW71B-98-

13 and MW90-3, indicating that degradation may be significant process only close to the source 

zone, and may not be occurring at a significant rate further downgradient.  Excluding the effects of 

recent pilot tests, the relative proportions of lobe constituents have not changed significantly over 

time in these wells.  This indicates that the rate of degradation does not greatly exceed the rate of 

COC migration from the upgradient source area.

A chemical oxidation pilot test was conducted in 2003 in the source area.  A report 

describing the test methodology and results is included in Appendix B.  Reagents (hydrogen 

peroxide and citric acid) were injected beneath and south of Building 71B, immediately adjacent to 

MW71B-99-3R.  Results of post-pilot test groundwater sampling indicated that although total 

VOC concentrations decreased during the test, they rebounded to pre-pilot test levels within two 

months.  However, the proportion of PCE dropped substantially relative to the proportion of 

degradation products (i.e., TCE, cis-1,2-DCE and vinyl chloride) as shown on Figure 4.3.3-2.  The 

results suggested that that a reaction (possibly due to bacterial growth stimulated by the presence of 

carbon in citric acid, a test reagent,) favoring dechlorination was produced by the test.  The results 

of the pilot test indicated that reagents could be delivered with some success to the pore space of 

the targeted soil volume, and that PCE concentrations could be reduced.  However, the method has 

not been effective in reducing total VOC concentrations in groundwater, either because reagents 

were not delivered to a sufficient volume of COCs to affect groundwater concentrations, or 

because advection of COCs into the area occurred after completion of the test.  

An enhanced bioremediation pilot test was conducted upgradient from well MW71B-98-13.  A 

pumping test was conducted prior to implementation of the pilot test to assess the feasibility of reagent 
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injection.  The pumping test had the unexpected result of both substantially decreasing PCE 

concentrations in the pilot test area, and altering the relative proportions of constituents (Figure 4.3.3-

3).  After initiation of the pilot test, PCE and total VOC concentrations continued to decline, and the 

proportions of degradation products increased.  In addition, important indicator parameters such as 

methane, volatile fatty acid and dissolved hydrogen concentrations also increased.  These observations 

suggest that respiration of microbes associated with reductive dechlorination of COCs had occurred, 

and that the test was effective in the degradation of COCs.  A caveat to this finding is that odor and 

taste impacts from the use of this technology are significant, and have degraded water quality.  In 

addition, the concentrations of dissolved metals increased substantially in the groundwater. 

Soil Contamination

The maximum VOC concentrations detected at the unit were 110 mg/kg PCE, 1.4 mg/kg 

TCE, and 0.8 mg/kg cis-1,2-DCE.  The maximum total VOC concentration detected was in a 

sample collected at 3.5 feet bgs immediately adjacent to Building 71B (Figure 4.3.3-6).  To 

address this contamination, two ICMs were conducted, consisting of excavation of contaminated soil 

in the areas shown on Figure 4.3.3-6.

Concentrations of COCs in residual (post ICM) soil samples are listed in Table 4.3.3-2.

Also listed in the table are the corresponding target risk-based and regulatory-based soil MCSs.  

PCE is the only COC detected at a concentration that exceeds target risk-based MCSs for soil.  

The regulatory-based MCSs would apply to the soil COCs since the well yield is greater than 

200 gpd in the source area, where the soil COCs have been detected.

Table 4.3.3-2. Maximum Concentrations of COCs Detected in Soil in the Building 
71B Lobe of the Building 71 Solvent Plume Source Area  

COC Maximum Concentration 
Detected
(mg/kg)

Target Risk-Based 
Soil MCS 
(mg/kg)

Regulatory-Based Soil 
MCS

(mg/kg)

PCE 47 0.45 0.45 
TCE 0.46 2.3 0.46 
cis-1,2-DCE 0.45 38 0.19 
trans-1,2-DCE 0.039 50 0.67 
methylene chloride 0.24 1.8 0.077 

Note: boldface concentration indicates that the concentration exceeds the target risk-based soil MCS. 
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Residual contamination exceeding the MCSs lies along the east side of the excavation and in 

localized areas where soil could not be safely removed due to building stability concerns.  The 

residual soil contamination constitutes a continuing source of VOCs that dissolve into groundwater.

Surface Water

The hillside beneath Building 71B is drained by several hydraugers (subhorizontal 

drains) which intercept the Building 71B lobe in the subsurface.  Concentrations of COCs in 

monthly samples of hydrauger effluent have been below or at MCLs, with the exception of 

hydrauger 51-01-3 and 51-01-3A, which contained cis-1,2-DCE at a maximum concentration of 

approximately three times the MCL of 6 ug/L.  These hydraugers have had a long-term 

decreasing trend in concentrations.  The hydrauger effluent is currently intercepted and piped to 

a treatment system and discharged to the sanitary sewer.  However, if interception of the effluent 

were discontinued, the groundwater from the hydraugers would be conveyed to the storm drain 

system and then to surface water in Blackberry Creek.  As a result of dilution and volatilization of 

COCs; and given the relatively low concentrations in the effluent, untreated water conveyed by the 

storm drain should be below compliance levels (i.e. detectable levels) once it reaches the creek. 

Evidence of DNAPL and Residual Soil Contamination

The relatively low concentrations of COCs observed in post-ICM soil samples indicate 

that free DNAPLs are probably not present at the unit.  PCE concentrations detected prior to the 

ICMs were only slightly below the PCE soil saturation concentration, indicating that DNAPL 

may have previously been present at the unit.  Similarly, PCE concentrations located at the 

source zone are greater than 1% of solubility, suggesting the presence of DNAPL, although these 

concentrations may reflect DNAPLs that were removed as a result of the ICMs.

The lack of declining concentration trends or changes in relative proportions of COCs in 

groundwater (prior to startup of the pilot tests) indicates that residual soil contamination and DNAPL 

has probably been present within or adjacent to the saturated zone in the vicinity of the source area.  

During the soil excavation ICMs, soil contaminated with VOCs at concentrations exceeding target 

risk-based MCSs was found beneath and adjacent to Building 71B, and residual concentrations 
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exceeding these levels remain in place along the margin of the ICM excavation.  However, the mass 

of contaminants has been significantly reduced by the two ICMs. 

4.3.3.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 71B lobe Of the Building 71 

Groundwater Solvent Plume:  

Residual soil contamination that exceeds target risk-based MCSs is present beneath 
Building 71B in the source area of the Building 71B lobe.  DNAPLs were likely 
present in this area in the past, but may have been removed as a result of ICMs.  Past 
rapid increases in groundwater COC concentrations coincident with increased rainfall 
and groundwater elevation rises suggest that this residual soil contamination resulted 
in direct impacts to groundwater.  The potential for leaching and dissolution of COCs 
from soil has been substantially reduced as a result of excavation of a significant mass 
of contaminated soil and diversion of leaking storm drains, although the long-term 
impact of these actions has not yet been established.  Corrective measures at the unit 
should therefore be based on the remediation of vadose zone soil contamination, and 
low-level saturated zone residual soil contamination. 

Groundwater flows primarily through relatively low permeability rocks of the Orinda 
Formation and through surficial units along the former course of Blackberry Creek. 
The estimated groundwater velocity is roughly 13 feet per year or less.

Groundwater well yield in the source area is greater than 200 gpd so that regulatory-
MCSs are applicable, whereas target risk-based MCSs are applicable to the remaining 
area of the lobe since well yields are less than 200 gpd.

Spatial variations in plume chemistry suggest that degradation of COCs in the 
groundwater has been occurring in near Building 71B during migration, although 
evidence for degradation in the downgradient portion of the plume is less certain.  
The lack of a temporal change in the relative proportions of COCs throughout most of 
the area of the lobe indicates that a state of equilibrium has been reached where 
degradation rates are similar to rates of desorption and dissolution of soil 
contaminants and downgradient migration of dissolved COCs.  However, 
concentrations trends indicate that degradation rates may slightly exceed migration 
rates in the downgradient portion of the lobe. 

Initial results of the ISCO pilot test in the source area indicate that this method was 
partially effective at delivering reagents in the subsurface, but results were ambiguous 
in regard to impacts on groundwater COC concentrations.  

Initial results of the enhanced bioremediation HRC pilot test indicate that this method 
was effective at both delivering reagents in the subsurface, and promoting 
degradation of COCs in groundwater.
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Migration of COCs beyond the downgradient boundary of the plume does not appear 
to be occurring, and the decreasing concentration trends observed in wells monitoring 
this area suggest that the lobe has been retreating.

Concentrations of COCs are above target risk-based MCSs and regulatory MCSs in 
both soil and groundwater.  The potential human receptor and risk-based exposure 
pathway of potential concern is exposure to COCs by a hypothetical future indoor 
worker breathing vapor migrating from the groundwater or soil to indoor air 
(Berkeley Lab, 2003a). 

Hydrauger effluent derived from the Building 71B lobe contains COCs at 
concentrations greater than compliance levels. The effluent is currently diverted from 
storm water discharge and treated at a groundwater treatment system. 

4.3.3.3 Evaluation of Retained Corrective Measures Alternatives 

Concentrations of soil and groundwater COCs in the Building 71B lobe exceed 

regulatory-based MCSs for a number of COCs, and exceed target risk-based MCSs for PCE.  

Since well yield in the source area is greater than 200 gpd, regulatory-based MCSs are applicable 

in this area.  No migration of COCs beyond the lobe margins is occurring, so migration control is 

not a concern.  Transfer of COCs to surface water could potentially occur via hydraugers that 

drain the area, so corrective measures for groundwater should consider this potential impact.   

The corrective measures alternatives that are evaluated for the Building 71B lobe and 

source area are those that were retained in Table 4.2.3-1 and Table 4.2.3-2 (for soil and 

groundwater, respectively).  The results of the evaluation are provided in Table 4.3.3-3 and 

discussed below. 

No Action 

No action for the Building 71B lobe would consist of terminating all groundwater 

monitoring activities and stopping the collection and treatment of hydrauger effluent.  

Groundwater concentrations of several COCs would likely result in continued impacts to 

hydrauger discharges above detectable levels for the foreseeable future.  As described above; 

however, concentrations of COCs in hydrauger effluent have been declining and the COC 

concentrations should be below levels of concern at the creek.  Since COC concentrations in 

groundwater monitoring wells do not show declining trends, the concentration of PCE would 

likely remain above target risk-based MCSs for the foreseeable future.  These conditions would 



(D
ra

ft)
 R

C
R

A
C

M
S 

R
ep

or
t 

10
3 

Ju
ly

 2
00

4

T
ab

le
 4

.3
.3

-3
.  

E
va

lu
at

io
n 

of
 C

or
re

ct
iv

e 
M

ea
su

re
s 

A
lt

er
na

ti
ve

s,
 B

ui
ld

in
g 

71
B

 L
ob

e 
of

 t
he

 B
ui

ld
in

g 
71

 S
ol

ve
nt

 P
lu

m
e 

an
d 

So
ur

ce
 A

re
a

C
or

re
ct

iv
e 

A
ct

io
n 

St
an

da
rd

s 
(y

es
/n

o 
)

D
ec

is
io

n 
F

ac
to

rs
 (

a)
O

th
er

 F
ac

to
rs

 (
b)

C
or

re
ct

iv
e 

M
ea

su
re

s 
A

lt
er

na
ti

ve
P

ro
te

ct
iv

e 
of

 
H

um
an

 
H

ea
lt

h 
/ 

E
nv

ir
on

m
en

t

A
tt

ai
n 

M
C

Ss
C

on
tr

ol
 

M
i g

ra
ti

on
C

om
pl

y 
w

it
h 

W
as

te
 

M
an

ag
em

en
t 

R
eq

ui
re

m
en

ts

L
on

g-
T

er
m

R
el

ia
bi

lit
y 

an
d 

E
ff

ec
ti

ve
ne

ss

R
ed

uc
ti

on
 

in
 T

ox
ic

it
y,

 
M

ob
ili

ty
, o

r 
V

ol
um

e

Sh
or

t-
T

er
m

 
E

ff
ec

ti
ve

ne
ss

C
os

t 
(c

)
R

eg
ul

at
or

y 
A

ge
nc

y 
A

cc
ep

ta
nc

e

C
om

m
un

it
y 

C
on

ce
rn

s

N
o 

A
ct

io
n 

no
/n

o 
no

 
no

 
ye

s 
1 

1 
1 

5 
1 

1 

M
on

ito
re

d 
N

at
ur

al
 

A
tte

nu
at

io
n 

 (M
N

A
) 

ye
s/

no
 

ye
s 

no
 

ye
s 

2 
2 

2 
4 

1 
1 

In
st

itu
tio

na
l C

on
tro

ls
 

ye
s/

no
 

no
 

no
 

ye
s 

3 
1 

3 
4 

4 
2 

G
ro

un
dw

at
er

 
C

on
ta

in
m

en
t/C

ap
tu

re
 

no
/n

o 
no

 
no

 
ye

s 
3 

2 
3 

3 
4 

4 

Su
rf

ac
e 

W
at

er
 C

ap
tu

re
 

no
/y

es
 

no
 

ye
s 

ye
s 

4 
1 

5 
4 

3 
4 

Pe
rm

ea
bl

e 
R

ea
ct

iv
e 

B
ar

rie
r

no
/n

o 
no

 
no

 
ye

s 
3 

2 
3 

3 
4 

3 

C
he

m
ic

al
 O

xi
da

tio
n 

ye
s/

ye
s 

un
kn

ow
n 

ye
s 

ye
s 

2 
2 

2 
2 

5 
5 

So
il 

V
ap

or
 E

xt
ra

ct
io

n 
no

/n
o 

no
 

ye
s 

ye
s 

2 
2 

2 
3 

4 
4 

Th
er

m
al

ly
 E

nh
an

ce
d 

SV
E/

D
PE

no
/n

o 
no

 
no

 
ye

s 
3 

3 
3 

4 
4 

4 

So
il 

M
ix

in
g 

ye
s/

ye
s 

Y
es

 
Y

es
 

Y
es

 
3 

3 
3 

4 
4 

4 

En
ha

nc
ed

 
bi

or
em

ed
ia

tio
n 

ye
s/

ye
s 

ye
s 

no
 

ye
s 

4 
4 

4 
4 

4 
4 

So
il 

Fl
us

hi
ng

 a
nd

 
G

ro
un

dw
at

er
 E

xt
ra

ct
io

n 
ye

s/
no

 
ye

s 
ye

s 
ye

s 
3 

3 
4 

3 
4 

4 

Ex
ca

va
tio

n 
w

ith
 O

ff
si

te
 

D
is

po
sa

l 
ye

s/
ye

s 
ye

s 
ye

s 
ye

s 
5 

5 
5 

2 
5 

4 

(a
)  

Le
ve

l o
f C

om
pl

ia
nc

e 
R

an
ki

ng
 

(b
)  

Le
ve

l o
f A

cc
ep

ta
nc

e 
(c

) r
el

at
iv

e 
co

st
 fr

om
 1

 (h
ig

h)
 to

 5
 (l

ow
) 

1.
  N

on
e 

1.
  N

on
e 

2.
  L

ow
 

2.
  L

ow
 

3.
  P

ar
tia

l 
3.

  P
ar

tia
l 

4.
  M

od
er

at
e 

4.
  M

od
er

at
e 

5.
  H

ig
h 

5.
  H

ig
h 



(Draft) RCRA CMS Report 104 July 2004

require establishment of Institutional Controls to protect future indoor workers.  In addition, this 

alternative would likely be unacceptable to the regulator agencies and the community.  The No 

Action alternative is not protective of human health and the environment and is therefore 

eliminated from further consideration. 

Monitored Natural Attenuation

A site-wide evaluation of geochemical parameters indicative of the potential for natural 

degradation of COCs was conducted in 1997.  As part of this study, geochemical parameters 

were measured in well MW90-3, located in the downgradient portion of the Building 71B lobe.  

Concentrations of geochemical indicator parameters, particularly the relatively high dissolved 

oxygen concentration, measured in this area were not favorable for natural degradation 

processes.  However, observed ratios of parent-daughter compounds within the plume strongly 

suggest that degradation occurs in the upgradient portion of the plume during migration, and 

results of the enhanced biodegradation HRC pilot test indicated that biodegradation can be 

successfully enhanced in this area.  Since a large fraction of the soil COCs in the plume source 

area have been removed, natural attenuation through biodegradation may be a favorable method 

for the upgradient portion of the lobe, and the reduction in COC concentrations in the upgradient 

area would lead to declining concentrations in the downgradient portion of the lobe where 

conditions suitable for biodegradation do not appear to be present.  These observations indicate 

that MNA could be an effective alternative if the residual soil COCs in the source area that 

constitute a continuing source of groundwater contamination can be significantly reduced.

Institutional Controls 

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies and the community, and is 

therefore not recommended. 
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Groundwater Containment/Capture

The groundwater plume is stable so no containment or capture of the plume boundary is 

currently required or planned.  However, contaminated hydrauger effluent is currently collected and 

treated to prevent discharge of contaminated water to surface water, so continuing capture and 

treatment is required as a regulatory compliance measure until discharge to surface water is shown to 

be below detectable levels. 

For the source area soil contamination, containment through capping would reduce the risk 

to human health; however, it is not recommended since it would likely be unacceptable to the 

community and its long-term effectiveness would be uncertain without continued maintenance.  

Permeable Reactive Barrier/Funnel and Gate

A permeable reactive barrier or funnel and gate system would serve a similar function to 

a groundwater capture system.  Therefore, as noted above, no capture of the plume boundary is 

currently required or planned.  This alternative is therefore not recommended. 

Chemical Oxidation

The pilot test indicated that chemical oxidants could be delivered to subsurface soils at the 

unit, but that the effectiveness of the method for remediating groundwater is questionable as 

indicated by the short-lived nature of the observed concentration changes.  However, the method 

may be effective at treating localized areas of soil contamination that are inaccessible to other 

technologies, such as the small zones of contaminated soil that remain adjacent to foundation 

members beneath Building 71B, although this application of the method was not pilot-tested, so its 

effectiveness is unknown.  Since few other technologies could be implemented in these small zones 

of soil contamination, and the scale of a pilot test would be similar to full-scale application, it is 

recommended that this technology be implemented for “hot spot” cleanup of residual soil COCs at 

the unit. 

Soil Vapor Extraction (SVE) and Thermally Enhanced Dual Phase Extraction (DPE) 

The effectiveness of SVE systems is controlled by both contaminant volatility and subsurface 

vapor flow.  The solvents detected at the Building 71B lobe source area are highly volatile and can be 
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easily removed from soil and groundwater if sufficient vapor flow through the soil can be 

established.  Thermal heating, in combination with dewatering, dries the soil thereby increasing the 

effectiveness of an SVE system.  However, the method is not effective in low permeability materials 

(such as the silt and clay material comprising the artificial fill at Building 71B), which still retain 

excess moisture even with soil drying.  In addition, due to the high capital and operating cost of 

treating a small area such as the Building 71B lobe source area, this alternative is not recommended.    

Soil Mixing

Since the remaining soil COCs at the Building 71B lobe source area lie beneath Building 

71B, it is not feasible to implement soil mixing at this unit. 

Enhanced Bioremediation

Pilot-test data indicate that enhanced bioremediation is an implementable and potentially 

effective technology in the upgradient portion of the Building 71B lobe.  Resultant reductions in 

groundwater COC concentrations would contribute to attenuation of COC concentrations in 

downgradient areas.  A possible negative effect of HRC is that HRC reagents cause declines in 

groundwater taste and odor quality and increases in dissolved metals concentrations in the 

groundwater.  However, these declines in groundwater quality should be fairly localized and 

short term.  Enhanced bioremediation is therefore recommended.    

Soil Flushing and Groundwater Extraction

During implementation of the ICMs, leaking storm drains that probably contributed to 

leaching of COCs from the soil to groundwater were found to be located within the Building 71B 

lobe source area.  Since a significant quantity of COCs is still sorbed to the soil matrix in this 

area, soil flushing could possibly result in increased mobilization of contaminants into the 

dissolved phase in that area.  Clean water from the storm drain effluent could be injected into the 

gravel-backfilled ICM excavation located at the upgradient edge of the source area soil 

contamination, and captured by downgradient extraction well(s) or an extraction trench.  

Application of this technology has been effective in reducing COC concentration levels at the 

Former Building 7 sump, the source of the Building 7 lobe of the Old Town Groundwater Plume.  
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Prior to implementing this alternative, however, testing should be completed to assure that the 

injected water would be captured.  This technology is recommended for the Building 71B lobe. 

Excavation with Offsite Disposal

Excavation has been effective in removing the contaminated source area soil that is 

accessible.  However, the degree of source removal has been limited due to engineering concerns 

regarding the stability of the foundation of Building 71B.  Most of the contaminated soil that 

remains is adjacent to foundation members beneath the building, and is not accessible for 

excavation.  Additional excavation is therefore not recommended as a final corrective measure, 

except for limited areas that are accessible.   

Summary of Building 71 Lobe Corrective Measures Implementation Strategy

The remediation objectives for the Building 71B lobe are to: 1) ensure that groundwater 

COCs above compliance levels (i.e. detectable concentrations) do not migrate to surface water; 

2) ensure that groundwater COCs at concentrations exceeding regulatory-based MCSs (MCLs) 

do not migrate into areas where concentrations are less than MCLs; 3) reduce groundwater COC 

concentrations in the source area where well yield is greater than 200 gpd to below regulatory-

based MCSs and target risk-based MCSs; and, 4) reduce soil COC concentrations below target 

risk-based MCSs.  Continuation of surface water capture of hydrauger effluent is required to 

address objective (1) above, until it can be shown that COC concentrations at the point of 

compliance (the outfall to the creek) are below levels of detection.

Alternatives recommended to meet objectives (3) and (4) will also help meet objective 

(2).  In addition, after the source area has been remediated and or migration from the source area 

has been controlled, enhanced bioremediation using HRC can be used to further reduce COC 

concentrations in the area downgradient from the source. 

Soil flushing, chemical oxidation (for unsaturated zone soils only) and excavation with 

offsite disposal have been identified as potentially effective corrective measures alternatives to 

meet remediation objectives (3) and (4).  A combination of these technologies is recommended 

for the source zone of the Building 71B lobe.  Additional excavation beyond the existing ICM 

excavations should be conducted to remove soils that are accessible.  Despite somewhat 
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ambiguous results pertaining to groundwater COCs, chemical oxidation may potentially be 

effective in targeting soil in areas not accessible to excavation, and is the only screened 

technology that could potentially be applied to areas of contamination surrounding foundation 

members in the source area.  Therefore, this technology is proposed for targeting areas not 

accessible to excavation. 
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4.3.4 Building 7 Lobe of the Building 7 Groundwater Solvent Plume (AOC 2-4) 
and the Former Building 7 Sump (AOC 2-5) 

Berkeley Lab (at that time known as the Radiation Lab) moved from the UC Berkeley 

campus to its present location in 1940 in order to construct the 184-Inch Cyclotron, a historic 

facility used to accelerate atomic particles for use in nuclear physics experiments.  The area of 

the cyclotron building (the original Building 6) and adjacent support shops and laboratories to 

the north and east of Building 6 formed the core of Berkeley Lab operations throughout the 

1940s, and therefore is commonly referred to as "Old Town".  Redevelopment of the Old Town 

Area in the late 1980’s resulted in replacement of the 184-Inch Cyclotron building (the original 

Building 6) with the Advanced Light Source building (the present Building 6) and construction 

of Building 2, which houses the Advanced Materials Laboratory. 

The Old Town Groundwater Solvent Plume is a broad, multi-lobed groundwater plume, 

composed primarily of halogenated non-aromatic VOCs, which underlies much of the Old Town 

area.  The geometry and distribution of chemicals in the plume indicate that it consists of three 

coalescing lobes that were originally discrete plumes derived from distinct sources (Figure 4.3.4-1).  

The Building 7 lobe (AOC 2-4) contains significantly higher VOC concentrations than the other two 

plume lobes, and extends northwestward from the northwest corner of Building 7 to the parking area 

downslope from Building 58.  

Leaks and/or overflows of halogenated non-aromatic hydrocarbons (primarily PCE) from 

an abandoned sump (the Former Building 7 Sump ([AOC 2-5]) that was located north of 

Building 7 were the source of the contamination.  The COCs were initially released as free 

product to the soil around the sump and then migrated as DNAPLs into the saturated zone.  A 

sufficient mass of either residual or free-phase DNAPLs remains in the source area to constitute 

a continuing source of groundwater contamination.   

Continuing dissolution of COCs from the soil and westward to northwestward flow of the 

groundwater from the sump area has resulted in the development of the Building 7 lobe.  

Originally, the Building 7 lobe was most likely a distinct groundwater plume, but it has 

coalesced with other plumes (the current Building 52 lobe and Building 25A lobe) associated 
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with other discrete sources in the Old Town Area.  The coalesced plumes now constitute the 

three main lobes of the Old Town Groundwater Solvent Plume.   

Extensive sampling of the soil and groundwater was conducted between approximately 

1992 and 2003 to characterize the magnitude and extent of COCs in both the area of the former 

Building 7 Sump, the source area, and in the core areas of the Building 7 lobe.  During this 

period, ICMs were implemented where they were determined to be necessary to protect human 

health and the environment.  In addition, pilot testing was conducted to evaluate the effectiveness 

and implementability of potential remedial technologies.  The ICMs and pilot tests are listed in 

Table 4.3.4-1.  The locations of these ICMs and pilot tests are shown on Figure 4.3.4-2.

4.3.4.1 Current Conditions 

Physiography and Surface Water Hydrology 

Most of the developed portion of the Old Town Area lies atop a roughly triangular 

topographic bench bounded on the west by the Building 6 complex and the west-facing Building 

53/58 slope, on the south by the south-facing slope above Strawberry Creek, and on the east by 

Building 26 and a southeast-facing slope (Figure 4.3.4-3).  Prior to development, a drainage 

course flowed from the Building 6 area through the current location of Building 58, continuing 

northwestward to a confluence with North Fork Strawberry Creek in Blackberry Canyon.  This 

drainage was filled during site development.  Downgradient (west) of Building 58, the Building 

7 lobe is approximately coincident with the former drainage course.   

Surface runoff consists of overland flow off paved and unpaved areas, which is directed to 

storm drains (Figure 4.3.4-4) which discharge into North Fork Strawberry Creek.  Storm drain 

inspections have shown breaks in some of the lines, indicating that water may leak both out of 

and into the storm drain system at some locations.  Known breaks were identified just west of the 

former Building 7 sump, and were repaired in 2003.  Prior to repair, these breaks probably 

constituted sources of artificial groundwater recharge during the rainy season. 
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Table 4.3.4-1.  Summary of ICMs and Pilot Tests Conducted for the Former Building 7 
Sump and the Building 7 Lobe 

Date  Location Comments 
Excavation and Removals
1992 Source location Removal of the contents (free product) in the Building 7 

Sump, the source of the Building 7 lobe.  
1995 Source location Removal of the Building 7 Sump and excavation of source 

area soil to a depth of 17 feet to remove highly 
contaminated soil and free product. 

In-Situ Soil and/or Saturated Zone Flushing 
1996 ongoing Source zone immediately 

downgradient from the Former 
Building 7 Sump location  

Groundwater extraction from the Building 7 Groundwater 
Collection Trench.  Treatment of extracted groundwater 
with a Granular Activated Carbon (GAC) treatment 
system, and recirculation of the treated water into the 17-
feet deep (approximate top of saturated zone) gravel-filled 
sump excavation.   

Method has been effective in reducing concentrations of 
COCs in the groundwater and soil in the source zone and 
controlling downgradient migration of groundwater COCs. 

1998 ongoing Leading edge  Extraction of groundwater from the Building 58 West 
Groundwater Collection Trench at the downgradient edge 
of Building 7 lobe.  Installed to control migration of the 
downgradient edge of the Building 7 lobe.   

Method has been effective in controlling migration of the 
leading edge of the Building 7 lobe. 

1999 ongoing Core zone Extraction of groundwater and soil gas from the Building 
58/58 Slope Groundwater Collection Trench.  Starting in 
October 2003, treated groundwater was discharged on the 
slope above the collection trench to flush the downslope 
core zone.   

Method has been effective in controlling downgradient 
migration of the core zone.  Effectiveness in reducing 
contaminant mass has not been determined.   

2002 ongoing Downgradient edge of the core 
zone

Extraction of groundwater from Building 58 East 
Groundwater Collection Trench.  Starting in October 2003, 
treated groundwater was discharged on the slope above the 
collection trench to flush the downslope core zone. 

Method has been effective in controlling downgradient 
migration of the core zone.  Effectiveness in reducing 
contaminant mass has not been determined. 

2002-ongoing Core zone downgradient from 
the Building 7 Groundwater 
Collection Trench. 

Injection of treated groundwater into six injection wells.  
Capture of the injected water at three downgradient 
extraction wells and from the upgradient collection trench.  

Effectiveness in reducing COC concentrations in 
groundwater in core zone has not been determined. 
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Thermally Enhanced Soil Vapor Extraction Pilot Test 
2001 ongoing Source zone immediately 

downgradient from the Former  
Building 7 Sump 

Conductive electrical heating of soil in three boreholes 
combined with extraction of both soil vapor and 
groundwater from one central and three peripheral 
extraction wells.   

Method has been effective in removing contaminant mass 
from the source zone 

In Situ Methanotrophic Treatment Technology (MTT) Pilot Test 
2000 Building 7 lobe core zone 

downgradient from the 
Building  7 Groundwater 
Collection Trench 

A mixture of air, methane, nitrous oxide, and 
triethylphosphate was injected into the subsurface to 
stimulate the growth of microorganisms.  

Method was not effective in reducing contaminant mass in 
the groundwater in the core zone  

Migration Control Compliance Measure
1998 Building 7 lobe periphery zone A drain line was plugged and a sump was installed to 

capture contaminated effluent to prevent migration of 
contaminated water through the drain system to surface 
water.

Method has been  effective in controlling migration o 
contaminated water to surface water. 
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Geology

The Building 7 lobe area is underlain at relatively shallow depth by three main bedrock 

units (Figure 4.3.4-5).  The Orinda Formation is the deepest-encountered rock unit, and extends 

to a depth greater than 190 feet near Building 53.  The Orinda Formation is overlain by volcanic 

and volcaniclastic rocks of the Moraga Formation over much of the northwestern part of the Old 

Town Area.  Although some outcrops of Moraga Formation appear to be relatively undisturbed, 

most outcrops consist of loosely consolidated, poorly sorted, angular blocks composed of 

Moraga Formation rock types (andesitic volcanic breccia, andesite, thin sandy siltstone layers, 

volcaniclastic gravelly sandstone, and minor basalt).   

In many places, rocks found along the contact between the Moraga and Orinda 

Formations comprise a mixture of rock types common to both formations, and are mapped as the 

“Mixed Unit”.  The Mixed Unit appears to represent structurally interleaved portions of the 

Moraga and Orinda Formations.  Rocks of both the Moraga Formation and Mixed Unit in the 

Building 7 Area are interpreted to represent ancient landslide deposits emplaced before 

development of the current topography.  

Overlying the bedrock, a thick section of colluvium is present in the lower part of the 

former drainage course immediately beneath and west of Building 58.  The colluvium is overlain 

by up to 40 feet of artificial fill that was placed in the drainage course that flowed from the 

vicinity of Building 6 through the current location of Building 58.  Alluvium and colluvium are 

relatively thin in other parts of the Building 7 Area. 

As shown on Figures 4.3.4-6 and 4.3.4-7, the contacts between these units dip northward 

to northwestward in the Building 7 lobe area.  In general, the upper contact of the Orinda 

Formation has high relief, forming bowl-shaped depressions that are occupied by the Mixed 

Unit, Moraga Formation, colluvium, and artificial fill (Figure 4.3.4-8).

Hydrogeology

The surficial units (i.e., alluvium, colluvium and artificial fill) are generally above the 

water table, except for colluvium within the former drainage course that trends northwestward 
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beneath Building 58 (Figures 4.3.4-8).  Slug tests and pumping tests of wells have shown that 

both the Orinda Formation and the Mixed Unit have relatively low hydraulic conductivities, 

typically on the order of 10-8 to 10-9 meters per second.  Deep horizons of the Orinda Formation 

(>130 feet bgs) intercepted by a four-level well cluster (MW53-92-21) immediately north of the 

Building 7 lobe have even lower hydraulic conductivities, on the order of 10-12 to 10-13 meters 

per second.  These data indicate that groundwater flow in the Orinda Formation in this area is 

insignificant, which is verified by the negligible to nondetectable levels of contamination 

observed in wells screened within the Orinda Formation. 

The Moraga Formation volcanic rocks that occupy depressions in the undulatory upper 

contact of the Orinda Formation have relatively high hydraulic conductivities (typically on the 

order of 10-4 to 10-6 meters per second) in comparison to the underlying units, and therefore 

constitute preferential flow pathways.  For this reason, the structure of this undulatory contact 

between the Orinda Formation and the overlying units has a strong influence on groundwater 

flow.  The contact is illustrated on cross-section A-A’ (Figure 4.3.4-8).  The hydraulic 

conductivity of colluvium below Building 58 along the downgradient portion of the Building 7 

lobe is unknown, but is expected to be intermediate between those measured for the Moraga and 

Orinda Formations. 

Water level elevation contours (Figure 4.3.4-9) show that groundwater generally flows 

northwestwards in the Building 7 Area, although, flow is locally deflected to the north in the 

vicinity of Building 53, to the north of Building 7.  This local northward-directed flow is due to 

the geometry of contacts between relatively low hydraulic conductivity Orinda Formation rocks 

and higher hydraulic conductivity Moraga Formation and Mixed Unit rocks.  Figure 4.3.4-10

shows the distribution of geologic units at the water table in the Old Town Area, which affect the 

groundwater flow pathways.  Groundwater flow directions are also locally influenced by 

groundwater extraction and reinjection associated with ongoing pilot tests and ICMs located 

primarily west and northwest of Building 7.   

Groundwater flow modeling has been conducted for the Old Town Plume, including the 

Building 7 lobe, using the ITOUGH2 code (Zhou and others, 2004; Preuss and others, 1999).  

The modeling, along with slug test data, was used to estimate rock physical characteristics (i.e., 
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hydraulic conductivity and effective porosity) based on matching of seasonal variations in 

groundwater elevations.  Modeled flow velocities are typically between 0.1 and 1 feet per day 

(37 to 365 feet per year) within the core of the Building 7 lobe, although velocities in the 

downgradient periphery are somewhat greater (Appendix D), indicating that groundwater at the 

head of the Building 7 lobe would take several years to reach the toe of the lobe.

Groundwater wells in the Building 7 lobe central core zone generally yield less than 200 

gpd, whereas wells in the area immediately surrounding the central core zone have short-term 

yields greater than 200 gpd (Figure 4.3.4-11a).

Groundwater Contamination

The principal Building 7 lobe constituents are halogenated non-aromatic VOCs that were 

used as cleaning solvents, including PCE and carbon tetrachloride, and their associated 

degradation products (e.g. TCE 1,1-DCE, cis-1,2-DCE, and vinyl chloride), most of which have 

been detected at concentrations above MCLs.  In addition, benzene, an aromatic VOC, has been 

detected in one deep well in the vicinity of the lobe, but does not appear to be associated with the 

Building 7 lobe and may be naturally occurring.  Chemicals detected in the groundwater at 

concentrations above MCLs in FY03 are listed in Table 4.3.4-2, where the maximum detected 

concentrations are compared to the target risk-based MCSs. 
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Table 4.3.4-2. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 7 Lobe of the Old Town Groundwater Solvent Plume 

COC Maximum
Concentration Detected

in Groundwater in 
FY03
(µg/L)

Regulatory-Based
Groundwater MCS 

(MCL)

(µg/L)

Target Risk-Based 
Groundwater MCS

(µg/L)

TCE 79,300 5 1,594 
PCE 76,035 5 343 
carbon tetrachloride 4,600 0.5 27 
cis-1,2-DCE 1,240 6 98,405 
trans-1,2-DCE 13 10 94,405 
1,1-DCE 550 6 28,873 
chloroform 150 100 1,206 
methylene chloride 1,600 5 10,381 
1,1-DCA 44.6 5 3,663 
1,2-DCA 6.6 0.5 1,030 
1,2-dichloropropane 7.2 5 1,071 
vinyl chloride 75 0.5 12 
1,1,2-TCA 8.1 5 1,905 
Benzene 8.9 1 175 

Note: boldface concentration indicates that the maximum detected concentration of the COC exceeds the target risk-based 
groundwater MCS. 

Distribution of COCs

The highest contaminant concentrations are found in wells along the elongate core of the 

Building 7 lobe northwest (downgradient) of the former Building 7 sump (Figure 4.3.4-11a and 

Figure 4.3.4-11b).  The vertical distribution of total halogenated non-aromatic VOCs in the 

Building 7 lobe is depicted on cross section A-A’ (Figure 4.3.4-12).  Isoconcentration contours 

on the cross section depict a steep concentration gradient across the contact between the Moraga 

Formation and the underlying Orinda Formation below the core of the Building 7 lobe.  This 

observation is commonly observed in other areas of the Old Town plume where closely located 

wells are screened at multiple depth horizons (Berkeley Lab, 2000). 
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Prior to 1997, the highest concentrations were detected in the source area immediately 

adjacent to the Former Building 7 Sump in monitoring well MW7B-95-21.  Concentrations have 

declined in that well due to extraction and treatment of groundwater from the Building 7 

Groundwater Collection Trench.  The highest VOC concentrations are now detected in the core area 

in wells MP7-99-1B and MW58-00-12, both of which contain approximately 90,000 µg/L of 

halogenated VOCs, composed primarily of nearly equal concentrations of PCE and TCE.  

Groundwater COC Trends

Concentration trends for total halogenated non-aromatic VOCs in the Building 7 lobe are 

shown on Figures 4.3.4-13a, 4.3.4-13b, 4.3.4-13c, 4.3.4-13d and 4.3.4-13e.  The concentrations 

of VOCs detected in most of the wells monitoring the lobe have been relatively stable or have 

declined.  The declining trends, particularly in the source area, are primarily the result of the 

ICMs and pilot tests that have been implemented.  The most marked long-term decline in 

concentrations has been observed in monitoring well MW7B-95-21, which is located between 

the Former Building 7 Sump and the Building 7 Groundwater Collection Trench.  The 

concentration of total halogenated VOCs detected in MW7B-95-21 has declined from 

approximately 300,000 µg/L to 10,000 µg/L or less.  This decline is attributed primarily to the 

effects of soil flushing.  Concentrations have remained low since soil flushing was halted at the 

beginning of 2003.   

In situ soil flushing has had mixed results in reducing COC concentrations in the Mixed 

Unit.  The Building 7 soil flushing pilot test consists of injection of treated-groundwater into six 

injection wells in the lobe core area, with the saturated screen intervals of the wells within the 

Mixed Unit.  The test has resulted in significant declines in COC concentrations in MW7-95-23, 

which is screened in the Mixed Unit and Orinda Formation (Figure 4.3.4-13b).  However, 

flushing has not resulted in observable effects on COC concentrations measured in core area 

wells screened solely within low permeability rocks of the Mixed Unit (e.g., wells MP7-99-1B 

and MP7-99-2B).  The soil flushing pilot test was expanded in 2003 to include discharge of 

treated-groundwater to surface soil at the top of the Building 53/58 slope and into well MW53-93-

16.  As a result of this action, groundwater COC concentrations have declined to approximately 
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50% of the pre-injection levels in well MW58-00-12.  MW58-00-12 is screened in the Mixed Unit 

and Orinda Formation, indicating that flushing of the Mixed Unit may be effective in some areas.

The proportion of dissolved PCE degradation products (e.g., TCE and cis-1,2-DCE) 

relative to PCE increases with distance downgradient from the source area, indicating that 

Building 7 lobe constituents have degraded as they have migrated.  This is illustrated by 

comparing the relative proportions of parent to daughter products in wells MW7-92-19 (source 

area well), MW58-93-3, and MW58A-94-14 (downgradient well) (Figure 4.3.4-14a, Figure 

4.3.4-14b, and Figure 4.3.4-14c).

The general downgradient decrease in the ratio of parent to daughter products indicates 

that degradation of constituents occurred during initial migration of the plume; however, recent 

data indicate that for the lobe core area, migration has superceded degradation as the dominant 

fate process.  This is illustrated in well MW58-93-3, located at the downgradient edge of the core 

where the proportion of PCE has increased relative to its degradation products (Figure 4.3.4-

14b).  However, the available data suggest that natural degradation is the dominant fate process 

downgradient (west) of Building 58.  This is illustrated in well MW58A-94-14, at the leading 

edge of the lobe, where long-term decreases in both the total concentration of halogenated VOCs 

and the parent to daughter ratio are observed (Figure 4.3.4-14c).  These conclusions are 

supported by the site-wide evaluation of geochemical parameters indicative of the potential for 

natural degradation of COCs that was conducted in 1997.  The data collected were generally not 

indicative of conditions favorable for natural degradation throughout most of the Building 7 lobe, 

except for the downgradient area (MW58A-94-14) where a relatively low dissolved oxygen 

concentration was measured.   

Soil Contamination

Pre-Remediation Soil Contamination 

In 1992, an abandoned concrete sump was discovered between Buildings 7 and 7B 

(Figure 4.3.4-15).  The sediment and liquid within the sump and soil covering the ditch were 

sampled and removed.  PCE (free product) was detected in the sump.  Soil investigations 

conducted between 1992 and 1995 showed that PCE was the primary contaminant, with TCE, 
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1,1,1-TCA, cis-1,2-DCE, and 1,1-DCE also detected at relatively high concentrations.  The 

maximum PCE concentration in soil (14,000 mg/kg) was detected at a depth of 2.8 feet, within a 

few feet of the sump.  Elevated PCE concentrations (>100 mg/kg) were generally restricted to 

the upper 20 feet of soil within a few feet south and west of the sump.  The PCE concentrations 

measured in soil below the water table were generally less than 100 mg/kg.  A zone of elevated 

concentrations exceeding 1 mg/kg was detected within the Mixed Unit in an area extending 

westward from the sump (Figure 4.3.4-16).

Post-Remediation Residual Soil Contamination 

ICMs and Pilot Tests 

In 1992, the concrete slab covering the sump was removed, and the sediment and liquid 

in the sump, and soil filling the adjacent concrete ditch, were removed and disposed.  In 1995, 

the sump was removed and approximately 70 cubic yards of the surrounding contaminated soil 

was excavated to a depth of 17 feet from an area approximately 10 feet long by 7 feet wide 

(Figure 4.3.4-15).  These ICMs resulted in the removal of a large fraction of the highly 

contaminated vadose zone soil from the site, although soil remaining at the base of the 

excavation contained up to 1,000 mg/kg PCE. 

Subsequent to the soil-removal ICMs, the contaminant mass immediately downgradient 

from the former sump location has been reduced by: 1) groundwater injection and soil flushing 

between the Building 7 sump ICM excavation and the Building 7 Groundwater Collection 

Trench; and 2) operation of the thermally enhanced DPE pilot test.   

Groundwater infiltration into the gravel-filled ICM excavation was initiated in 1997, using 

treated groundwater extracted from the Building 7 collection trench.  The infiltrating groundwater 

has leached downward to the saturated zone and then flowed northwestwards and been recaptured 

by the Building 7 Groundwater Collection Trench.  This process was been generally continuous 

from May 1997 through June 2001, at which time infiltration was discontinued to help improve the 

effectiveness of the thermally enhanced DPE pilot test.  Almost two million gallons of treated 

water was pumped into the remedial excavation and approximately 50 kg of VOCs were removed 
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from the groundwater during this period, indicating an average removal rate of slightly less than 1 

kg/month, which declined asymptotically to very low levels.

Confirmation soil samples collected from the floor of the ICM excavation prior to 

groundwater infiltration had concentrations between 300 and 1,000 mg/kg total VOCs (Figure 

4.3.4-17).  Soil sampling conducted through the excavation backfill in 2002 (SB7HTC-02-1) and 

2003 (SB7-03-2), approximately five years after injection of treated groundwater was initiated, 

indicated that VOCs in soil beneath the central part of the ICM excavation had been significantly 

reduced by flushing (0.09 mg/kg total VOCs maximum).  However, concentrations of VOCs in 

soil at the west edge of the excavation were essentially unchanged (720 mg/kg total VOCs 

maximum), indicating that the effects of flushing were localized.   

The thermally enhanced DPE pilot test started operating in July 2001, and has operated 

primarily during the summer and fall seasons since that time.  The system consists of three heater 

wells, four DPE wells, and two instrument wells (Figure 4.3.4-17).  Starting in October 2003, 

the system was enhanced by injection of hot air under pressure.  Approximately 700 kg of 

contaminant mass have been removed from the extracted soil gas during this period, indicating 

an average removal rate greater than 1 kg/day.

Residual Soil COC Concentrations 

Residual contamination primarily consists of PCE, which was present at a maximum 

concentration of 3,000 mg/kg in heater instrument well HI7-00-1.  As shown on Figure 4.3.4-17 

and Figure 4.3.4-18, most of the soil near the former Building 7 sump contains relatively low 

concentrations of VOCs (<1 mg/kg), and soil containing elevated VOC concentrations is 

confined to relatively thin zones that are generally less than 5 feet thick.  Maximum detected 

concentrations of VOCs in soil remaining after excavation are shown in Table 4.3.4-3.
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Table 4.3.4-3. Maximum Concentrations of COCs Detected in Soil at the Former Building 7 
Sump

COC Maximum
Concentration Detected 

(mg/kg)

Target Risk-
Based Soil MCS 

(mg/kg)

Regulatory-
Based Soil MCS 

(mg/kg)
PCE 3,000 0.45 0.7 
TCE 60 2.3 0.46 
cis-1,2-DCE 0.043 38 0.19 
1,1,1-TCA 11 690 7.8 
1,1-DCA 0.024 1.3 0.2 
1,1-DCE 0.16 8 1.0 
Benzene 0.0091 0.1 0.044 
Carbon tetrachloride 10 0.05 0.11 
Chloroform 0.092 0.28 2.9 
Vinyl chloride 0.0049 0.0035 0.085 

Note: boldface numbers indicate concentrations above target risk-based MCS. 

Most of the VOC concentration data depicted on the figures were collected prior to 

startup of the thermally enhanced SVE pilot test.  Removal of VOCs by the pilot test has 

occurred approximately within the heated zone shown on the figures, and VOC concentrations 

within the zone have likely decreased significantly below those shown. 

Soil samples have been collected from a number of borings located west of the Building 7 

collection trench.  Halogenated VOC concentrations in these borings are generally orders of 

magnitude lower than those detected east of the collection trench, with the maximum 

concentrations (4.1 mg/kg PCE and 2.4 mg/kg TCE) detected in boring SB7B-95-7, located 

approximately 50 feet west of the collection trench.  Both PCE and TCE concentrations in 

groundwater samples from wells (MP7-99-1B and MP7-99-2B) near this boring are approximately 

40,000 µg/L.  Assuming a soil porosity of approximately 25%, and a bulk density of approximately 

1.6, the mass of TCE or PCE dissolved in groundwater alone would be sufficient to result in soil 

concentrations of approximately 6 mg/kg.  This observation indicates that the soil results west of 

the Building 7 collection trench are likely indicative of groundwater contamination, rather than 

residual soil contamination in the soil samples.
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Evidence of DNAPL

PCE was detected at concentrations substantially above its estimated Berkeley Lab soil 

saturation concentration of 178 mg/kg (Table 4.2.2-1) in a number of samples collected between the 

Former Building 7 Sump and the Building 7 Groundwater Collection Trench (Figure 4.3.4-17 and 

Figure 4.3.4-18).  These relatively high concentrations indicative of the presence of free-phase 

DNAPL were present in several relatively thin zones within the Mixed Unit, extending to a 

maximum depth of approximately 35 feet.  Given the large mass of VOCs that has been extracted 

during operation of the thermally enhanced SVE pilot test, it is likely that the volume of DNAPL has 

been reduced in the pilot test area; however, some DNAPL probably still remains based on the PCE 

concentration of 720 mg/kg (above the soil saturation level) detected in a soil sample collected from 

boring SB7HTC-02-1 in 2002.   

In addition to inferences drawn from soil concentration data, groundwater samples 

collected from MW7B-95-21 located between the Former Building 7 Sump and the groundwater 

collection trench exceeded 1% of effective pure-phase volubility criteria for PCE and TCE, 

indicating that free-phase DNAPL was likely present.  Although concentrations have declined in 

MW7B-95-21 to well below the solubility criteria, samples collected from lysimeters at several 

depth horizons in the heater test instrument wells have groundwater concentrations close to or in 

excess of 100% of PCE solubility, indicating the presence of DNAPL within the samples.  

The presence of DNAPL in the area downgradient from the Building 7 Groundwater 

Collection Trench, is uncertain.  PCE concentrations have been below soil saturation levels in all 

of the samples collected west of (downgradient) from the Building 7 Groundwater Collection 

Trench.  The soil data, however, cannot rule out the presence of DNAPL since the sampling 

intervals were primarily 5 feet or greater, generally insufficient to delineate DNAPL-impacted 

zones, and sampling depths may have been too shallow to detect DNAPL that migrated downdip 

within the Mixed Unit.   

Groundwater COC concentrations exceed 1% of their solubilities in several wells 

downgradient from the Building 7 Groundwater Collection Trench.  The area of the Building 7 

lobe where concentrations of PCE exceed 1% of solubility (i.e., approximately 2,000 ug/L) 

coincides with the Building 7 lobe core area shown on Figure 4.3.4-19.  However, the area in 
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which DNAPL might be present would likely to be smaller, since the groundwater 

concentrations are controlled by the hydraulic and chemical characteristics of the plume (i.e., 

dispersion, diffusion, retardation, etc), in addition to the rate of dissolution of DNAPL into the 

groundwater.

The Building 7 Groundwater Collection Trench penetrates into the relatively low 

permeability Orinda Formation, below the deepest levels where elevated soil VOC concentrations 

have been detected in soil samples.  Therefore, it is assumed that the collection trench intercepts 

essentially all groundwater contamination and DNAPL migrating from the source area.  If this is 

the case, and if DNAPL is not present downgradient from the collection trench, then groundwater 

COC concentrations should have declined in the downgradient area as the cut-off portion of the 

lobe migrated downgradient away from the trench.  For wells located approximately 10 feet or 

more downgradient from the collection trench (e.g. MP7-99-1B, MP7-99-2B, and MW7B-95-24), 

COC concentrations have remained relatively stable at concentrations greater than 10% of 

solubility.  This suggests either that DNAPL is present west of the collection trench, or that 

groundwater velocities are so low that the lobe is essentially stagnant in this area. 

4.3.4.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 7 lobe of the Old Town Groundwater 

Solvent Plume and the Former Building 7 Sump source area:  

The only known DNAPL in the Building 7 area lies in thin, generally westward-
dipping zones of fractured rock of the Mixed Unit in the area between the Former 
Building 7 Sump and the Building 7 Groundwater Collection Trench.  The DNAPL is 
present in the saturated zone in thin layers between approximately 20 and 35 feet bgs, 
and continues to provide a source for dissolution of contaminants into groundwater.  
Migration of COCs from the source area is prevented by continuing operation of the 
Building 7 Groundwater Collection Trench. 

No definitive evidence exists for the presence of residual or free-phase DNAPL west 
of the trench, so contamination consist primarily of dissolved-phase COCs in 
groundwater equilibrium with sorbed COCs derived from the migration of dissolved 
contaminants.  However, it is possible that some undetected DNAPL may be present 
in this area.  Operation of two additional groundwater collection trenches prevents 
further migration of the core area. 
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Within the core of the Building 7 lobe, relatively permeable rocks of the Moraga 
Formation are thin or absent at the water table.  Groundwater contaminants are 
primarily present in lower permeability rocks of the Mixed Unit because groundwater 
flow flushes contaminants from the higher permeability Moraga Formation.  The low 
permeability of the Mixed Unit hinders flushing and results in retention of 
contaminants.    

The Building 7 lobe is elongated along the direction of groundwater flow, consistent 
with advection being the predominant contaminant transport mechanism, as would be 
expected given the relatively steep groundwater gradients and moderate 
permeabilities of the upper portion of the saturated zone.  Estimated groundwater 
velocities are relatively slow, less than 1 meter per year in the Mixed Unit and Orinda 
Formation. 

Wells within the core of the Building 7 lobe generally have sustainable yields of less 
than 200 gpd, so target risk-based MCSs are applicable in this area.  However, most 
wells in the lobe periphery have short-term yields exceeding the 200 gpd criteria, so 
regulatory-based MCSs (MCLs) are applicable in that area. 

Contaminant concentrations and hydraulic conductivity values decrease with depth, 
as indicated by analytical data from multi-well clusters and hydraulic test data.  
Advective transport downward into, and laterally within, the deeper horizons of the 
Orinda Formation, is insignificant.

Spatial and temporal concentration trends suggest that degradation of VOCs occurred 
during initial migration of the Building 7 lobe to its present configuration.  However, 
evidence of continued degradation is lacking except in one well located at the 
downgradient edge of the lobe. 

Concentrations of COCs exceed target risk-based MCSs in groundwater in the source 
and core areas, and PCE and TCE exceed target risk-based soil MCSs in the source 
area.  The potential human receptors and risk-based exposure pathways of potential 
concern are exposure to COCs by hypothetical future indoor workers breathing vapor 
migrating to indoor air from soil or from groundwater, by landscape maintenance 
workers breathing vapor migrating to outdoor air from soil, and by intrusive construction 
workers contacting groundwater (Berkeley Lab, 2003a).

4.3.4.3 Evaluation of Retained Corrective Measures Alternatives 

For the purpose of evaluating corrective measures alternatives and recommending the 

technology to implement, the Building 7 lobe was divided into the following three discrete areas, 

based on different remediation objectives (Figure 4.3.4-19).

1) The lobe source area contains both soil and groundwater COCs at concentrations 
exceeding target risk-based MCSs.  In addition, DNAPL is known to be present. 
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2) The lobe core area comprises an elongate zone of dissolved groundwater COCs at 
concentrations that exceed target risk-based MCSs.  The presence of DNAPL in this 
area is uncertain; however, given the relatively high concentrations of some COCs in 
the groundwater, this area may also contain some DNAPL that migrated from the 
source area prior to construction of the Building 7 Groundwater Collection Trench.  It 
is also likely that COCs are sorbed to the soil in this area as the result of sorption of 
COCs from the groundwater. 

3) The lobe periphery area surrounds the core area and comprises an extensive zone of 
dissolved groundwater COCs at concentrations exceeding regulatory-based MCSs 
(MCLs).  Since COC concentrations in the groundwater in the periphery are below 
target risk-based MCSs, cleanup of this area is considered a lower priority than 
cleanup of the source and core areas.  In addition, remediation of the periphery area 
would likely not be effective until cleanup of the core is sufficient to prevent the 
migration of groundwater COCs into the periphery at concentrations above the 
applicable MCSs.

Alternatives Applicable to the Former Building 7 Sump and Building 7 Lobe Source Area

The source area contains thin zones of residual and free-phase DNAPL that are primarily 

present in relatively deep (20 to 35 feet bgs) horizons of the Mixed Unit.  Dissolved groundwater 

concentrations have been controlled in recent years by the balance between continued dissolution 

of COCs into groundwater, flushing of treated groundwater through the saturated zone, and 

changes in operations of the thermally enhanced SVE pilot test.  Since COCs are present both in 

the dissolved phase in the groundwater and as residual and/or free-phase DNAPL, all retained 

alternatives listed in Tables 4.2.3-1 and 4.2.3-2 (for soil and groundwater, respectively) were 

evaluated.  The results of the evaluation are provided in Table 4.3.4-4 and discussed below. 

No Action 

No action for the Building 7 lobe source area would consist of termination of all 

groundwater monitoring activities and stopping extraction and recirculation of groundwater from 

the Building 7 Groundwater Collection Trench.  Soil and groundwater COC concentrations 

would remain above both target risk-based and regulatory-based MCSs for the foreseeable 

future.  These conditions would require establishment of Institutional Controls to protect human 

health.  Dissolution of COCs into groundwater would increase the rate of migration of dissolved 

COCs from the source area into the core area.  In addition, this alternative would likely be 
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unacceptable to the regulator agencies and the community.  This alternative is not protective of 

human health and the environment and is therefore not recommended.  

Monitored Natural Attenuation

COCs are present in the source area both as DNAPL and sorbed to the soil matrix at 

concentrations that will result in continued dissolution of COCs into groundwater.  Until 

continued dissolution of COCs into the groundwater can be prevented, MNA would not be 

effective.  In addition, even if dissolution were prevented, a considerable amount of time would 

be required for MNA to be effective, if it could be effective at all, given the high concentrations 

of COCs in the groundwater.  MNA is not protective of human health and the environment and is 

therefore not recommended.   

Institutional Controls  

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies and the community, and is 

therefore not recommended.   

Groundwater Containment/Capture

Groundwater capture by itself is not an effective technology for reducing groundwater 

COC concentrations in the source area, primarily because of the presence of DNAPL in the 

saturated zone.  However, containment of source area COCs would likely help expedite 

remediation of the downgradient core area.  This alternative is not effective by itself in protecting 

human health or attaining MCSs and is therefore not recommended, except if used in 

combination with groundwater flushing, as described below. 
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Permeable Reactive Barrier/Funnel & Gate

This alternative is not effective in protecting human health or attaining MCSs in the 

source area due to the high concentrations of COCs currently present in the groundwater, and is 

therefore not recommended. 

Chemical Oxidation  

The effectiveness of in situ chemical oxidation for remediation of the source area is not 

known and would require pilot testing prior to any full-scale implementation.  It was not possible 

to pilot-test this technology due to the ongoing thermally enhanced SVE pilot test being 

conducted in the small source area.  In situ chemical oxidation is generally not effective in low 

permeability materials such as the Mixed Unit where the COCs are primarily present in the 

source area.  Pilot testing of this technology in the low permeability Building 51L Groundwater 

Solvent Plume source area and Building 71B plume source area was not effective.  For these 

reasons, chemical oxidation is not recommended.

Enhanced Bioremediation  

Based on the results of an enhanced bioremediation pilot test (methanotrophic treatment 

technology pilot test) that was conducted in the Building 7 lobe core area, enhanced 

bioremediation would not be an effective technology in the source area.  The pilot test was not 

effective in delivery of the enhancing agents to the source solvents in the low 

permeability/heterogeneous Mixed Unit where it was tested.  Similar results would be expected 

in the source area, where the COCs are also primarily present in the Mixed Unit.  Enhanced 

bioremediation is therefore not recommended.   

Soil Flushing and Groundwater Extraction 

Treated groundwater has been extracted from the Building 7 Groundwater Collection 

Trench and periodically injected into the Former Building 7 sump excavation since 1997.  This 

source area flushing has resulted in decreases in soil COC concentrations in soil beneath the 

injection area, and decreases in groundwater concentrations to levels below target risk-based 

MCSs.  Although groundwater concentrations have remained below target risk-based MCSs 
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without flushing for almost a year, the data are insufficient to assess whether the groundwater 

concentration reductions will be permanent.  Given the presence of DNAPL in the saturated 

zone, COC concentrations in groundwater would likely rebound to levels well above the target 

risk-based MCSs if groundwater capture and flushing were terminated.  Therefore, although this 

technology can temporarily reduce concentrations below target risk-based MCSs, it is reliant on 

continued operation to maintain these levels.  Therefore, this technology is recommended only as 

a temporary control measure until other alternative(s) can permanently reduce COC 

concentrations to the required levels.  

Soil Vapor Extraction and Thermally Enhanced Dual Phase Extraction (DPE)

The effectiveness of soil vapor extraction (SVE) is controlled by both contaminant 

volatility and subsurface vapor flow.  In low permeability soils and in soils with high moisture 

contents, such as the Mixed Unit, flow rates adequate to remove contaminants cannot be 

achieved by SVE alone.  Thermal heating, in combination with dewatering, dries the soil, thereby 

increasing the effectiveness of an SVE system.  This technology has been effectively pilot-tested in 

the Mixed Unit in the Building 7 lobe source area, where over 700 kg of contaminant mass have 

been removed from the extracted soil vapor.   

Although the system was installed as a pilot test, it is appropriately designed and located 

to continue removing contaminant mass from the source area; however, it is not known whether 

continued operation of this system will reduce COC concentrations below target risk-based 

MCSs.  Once the contaminant mass removed by the system approaches an asymptotic level, the 

need for further corrective measures would be assessed by 1) collecting confirmation soil 

samples to compare to the MCSs and 2) comparing groundwater concentrations to the MCSs 

after any rebound has occurred.  If further corrective measures are required to attain MCSs, 

either the system could be modified or expanded (e.g., installing additional heater or DPE wells), 

or an alternate technology (i.e., excavation and offsite disposal) could be implemented.  A 

benefit of this alternative is that except for any system expansion costs, there would be no added 

cost for installation.  Thermally enhanced DPE is therefore retained for further evaluation in the 

summary section below, where it is compared to other alternatives retained for the Building 7 

lobe source area using the decision factors shown in Table 4.3.4-4.
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Soil Containment

Containment can be somewhat effective in protecting human health in the short term, but 

less effective in the long-term.  Capping would not prevent the continued dissolution of COCs 

into the groundwater and subsequent downgradient migration.  This alternative would not 

achieve MCSs and would likely be unacceptable to the regulatory agencies or the community.  

For these reasons containment is not recommended.    

Excavation and Offsite Disposal

Excavation of soil beneath and adjacent to the Former Building 7 Sump was conducted as 

an ICM in 1995.  The excavation was completed by drilling large-diameter borings.  A similar 

method is proposed for any additional source removal, because of the depth of excavation that 

would be required.  Since relatively small volumes of residual soil contamination can result in 

continuing impacts to groundwater, this method would be modified to provide sufficient overlap 

of the auger holes so that all of the contaminated soil could be removed.  Such a modification 

would likely involve drilling an initial set of spaced auger holes, backfilling them with a cement 

grout mixture, then drilling a second set of intervening auger holes, which partially overlapped 

the original holes.

The extent of any excavation would not be determined until post-pilot test soil samples 

are collected and compared to MCSs.  Therefore, prior to excavation, soil samples will be 

collected to determine the extent of excavation that would be required.  Post-excavation 

groundwater concentrations would likely decline to levels below target risk-based MCSs, but 

would probably remain above regulatory-based MCSs, since low levels of soil contamination in 

equilibrium with dissolved groundwater COCs would continue to be present in groundwater 

adjacent to the excavated area.  Excavation and offsite disposal is therefore retained for further 

evaluation in the summary section below, where it is compared to other alternatives retained for 

the Building 7 lobe source area using the decision factors shown in Table 4.3.4-4.

Soil Mixing 

Soil mixing consists of using drilling equipment to break up the soil and increase the 

permeability, generally simultaneously with vapor extraction to remove volatilized contaminants.  
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The method has been used in conjunction with injection of chemical reagents (e.g., oxidants), to 

destroy contaminants, or chemical reagents combined with grouts to stabilize contaminants.  

Injection of chemical oxidants, as described under Chemical Oxidation above, would likely 

increase the reliability and effectiveness of this method. 

If implemented in the plume source area, this method would be used to break up and mix 

the low permeability Mixed Unit with the overlying higher permeability Moraga Formation.  

This would increase the permeability and allow flushing/extraction of the contaminants.  Since 

thermally enhanced SVE was being pilot tested in the relatively small plume source area, it was 

not possible to pilot test this technology.  Soil mixing is an implementable technology for the 

plume source area, but the effectiveness of this technology is not known.  Excavation is preferred 

to soil mixing in the source area since excavation would be effective and the cost of soil mixing 

would be higher than the costs of excavation, given the small source area and the need for pilot 

testing soil mixing prior to implementation.  Soil mixing is therefore not recommended.   

Summary of Former Building 7 Sump and Building 7 Lobe Source Area Corrective Measures 
Implementation Strategy 

The initial remediation objectives for the source area of the Building 7 lobe of the Old 

Town Groundwater Plume source area are to: 1) remove any residual or free-phase DNAPLs that 

continue to result in dissolution of COCs into groundwater; 2) decrease vadose zone soil COC 

concentrations below target risk-based MCSs; and, 3) decrease groundwater COC concentrations 

below target risk-based MCSs.  The corrective measures alternatives that were identified as 

likely to meet these objectives are thermally enhanced DPE and excavation with offsite disposal.

A cost comparison of the two alternatives under consideration (thermally enhanced DPE 

and excavation and offsite disposal) is provided in Appendix C.  Expansion of the thermally 

enhanced DPE system, assuming the need for two additional heater wells and two additional 

DPE wells, would cost approximately $94,700.  Operation and maintenance costs of the system 

would be approximately $118,500 per year.  The estimated cost and net present value for 

excavation, offsite disposal, and restoration of an area of 200 square feet to a depth of 60 feet bgs 

(444 cubic yards) is approximately $569,200.   
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The estimated cost of expansion and continued operation of the thermally enhanced DPE 

system would exceed the cost of excavation with offsite disposal within approximately 5 years of 

DPE operation.  Based on the operational history of the thermally enhanced DPE pilot-test 

system, 5 years would not be sufficient time to meet target risk-based MCSs.  In addition, the 

level of compliance ranking of the other decision factors listed in Table 4.3.4-4 (long-term 

reliability and effectiveness, the short term effectiveness, and the reduction in toxicity, mobility, 

or volume) for excavation and offsite disposal are greater than those for thermally enhanced 

DPE.  Therefore, excavation with offsite disposal is recommended as the preferred alternative.   

After confirmation sampling shows that the three initial source area remediation 

objectives have been met, the plume source area will be managed in accordance with the strategy 

described below for the plume periphery.  After completion of the excavation, operation of the 

Building 7 groundwater collection trench would be discontinued, except as necessary to 

remediate the plume core.  If the objectives have not been met, then the source zone will be 

managed in accordance with the strategy described below for the plume core.   

Alternatives Applicable to the Building 7 Lobe Core Area

The core area contains COCs primarily dissolved in the groundwater.  In addition, COCs 

sorbed to low permeability soils as a result of equilibrium partitioning with the groundwater 

constitute a continuing source of groundwater contamination.  Wells in the core area generally 

cannot produce more than 200 gpd and therefore risk-based MCSs are the applicable cleanup 

levels.  The presence of DNAPL is uncertain; however, the evidence indicates that some DNAPL 

may be present, particularly in the upgradient core area near the source.  Therefore, retained 

alternatives listed in both Tables 4.2.3-1 and 4.2.3-2 (for soil and groundwater, respectively) 

were evaluated.  The results of the evaluation are provided in Table 4.3.4-5 and discussed below. 

No Action

No action in the Building 7 lobe core would  consist of termination of all groundwater 

monitoring activities, stopping operation of the Building 53/58 slope DPE system and the Building 

58 east groundwater collection trench, and terminating injection and extraction of groundwater from 

wells in the core area.  Groundwater concentrations would remain at levels above target risk-based 
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and regulatory-based MCSs for the foreseeable future.  These conditions would require establishment 

of Institutional Controls to protect human health.  Migration of dissolved COCs from the plume core 

into the plume periphery might result in concentrations of groundwater COCs in the periphery 

exceeding risk-based levels.  This alternative is not protective of human health and the 

environment and would likely be unacceptable to the regulators and the community, and is 

therefore not recommended.   

Monitored Natural Attenuation 

A site-wide evaluation of geochemical parameters indicative of the potential for natural 

degradation of COCs was conducted in 1997.  As part of this study, geochemical parameters 

were measured in several wells located in the Building 7 lobe core area.  Concentrations of 

geochemical indicator parameters, particularly the relatively high dissolved oxygen 

concentration, were not favorable for natural degradation processes..  MNA is not protective of 

human health and the environment and is therefore not recommended.    

Institutional Controls  

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies or the community, and is 

therefore not recommended.   

Groundwater Containment/Capture 

Groundwater capture by itself is not an effective technology for reducing groundwater 

COC concentrations in the core area, primarily because of the extremely long time required for 

contaminants to diffuse from the low permeability Mixed Unit and the low groundwater 

velocities.  This technology has been implemented within the plume core to effectively control 

migration of COCs from high concentration areas in the core into lower concentration areas of 

the core and periphery.  This alternative is not effective by itself in protecting human health or 
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attaining MCSs and is therefore not recommended as a corrective measures alternative, unless it 

is used in combination with groundwater flushing, as described below.

Permeable Reactive Barrier/Funnel & Gate

This alternative is not effective in protecting human health or attaining MCSs in the 

source area due to the high concentrations of COCs currently present in the groundwater, and is 

therefore not recommended. 

Chemical Oxidation 

The effectiveness of chemical oxidation for remediation of the core area is not known and 

would require pilot testing prior to any full-scale implementation.  In situ chemical oxidation is 

generally not effective in low permeability and/or heterogeneous materials such as the Mixed 

Unit, so the likelihood that it would be effective is considered to be low.  However, if pilot 

testing showed that delivery of reagents to the impacted pore space could be ensured, then this 

technology could potentially be effective.  Therefore, the method it is retained for further 

evaluation in the summary section below because of the limited number of technologies 

potentially effective in the core area.  Implementation of this method would require numerous 

closely spaced injection points (typically on the order of 3 to 5 feet spacing).  Chemical 

oxidation is therefore retained for further evaluation in the summary section below, where it is 

compared to other alternatives retained for the Building 7 lobe core area using the decision 

factors shown in Table 4.3.4-5.

Enhanced Bioremediation 

Based on the results of an enhanced bioremediation pilot test (methanotrophic treatment 

technology pilot test), enhanced bioremediation is not an effective technology.  The pilot test was 

not effective in delivery of the enhancing agents to the source solvents in the low 

permeability/heterogeneous Mixed Unit in the score area where it was tested.  Enhanced 

bioremediation is therefore not recommended.  The technology may be effective as part of a 

long-term strategy for the plume core once concentrations have been reduced to levels that are 

more conducive to natural attenuation processes.
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Soil Flushing and Groundwater Extraction  

Given the high concentrations of dissolved COCs in the plume core, and the tendency of 

clay-rich units such as the Mixed Unit to adsorb COCs from the groundwater, flushing of a large 

number of pore volumes of clean groundwater would be needed to reduce groundwater COC 

concentrations below the target risk- based MCSs.  The soil flushing pilot test being conducted in 

the core area has resulted in decreased concentrations of COCs in several wells, indicating that 

this method may be effective in reducing concentrations below risk-based levels.  The rate of 

concentration reduction is highly dependent on the permeability of the rocks, however, and 

insufficient data are currently available to estimates the time required for compliance with target 

risk-based MCSs.  Groundwater extraction and flushing is therefore retained for further 

evaluation in the summary section below, where it is compared to other alternatives retained for 

the Building 7 lobe core area using the decision factors shown in Table 4.3.4-5.

Thermally Enhanced Dual Phase Extraction (Heater Test) 

Thermally enhanced dual phase extraction is primarily suitable for unsaturated soils with 

high concentrations of residual or free-phase DNAPL.  Therefore, this method has poor 

applicability to the core of the Building 7 lobe, where contamination is primarily associated with 

groundwater flowing in the saturated zone.  In addition, the capital, operations and maintenance 

costs for the relatively small-scale system in the source area was estimated at $629,800 for 

expansion of a preexisting system and the initial five years of operation.  This cost does not 

include the primary capital costs that would be associated with installation of a new system.  The 

operations and maintenance costs for the much larger core area would be at least an order of 

magnitude greater, and capital costs would also need to be applied to this area.  Thermally 

enhanced DPE is not recommended due to both the poor applicability of the method and the 

large costs of implementation.   

Excavation and Offsite Disposal 

Excavation of the low permeability rocks of the Mixed Unit along with the contaminated 

groundwater contained within them would likely reduce contaminant concentrations below target 

risk-based MCSs.  However, the required extent of excavation adjacent to the Advanced Light 
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Source (ALS) could have severe impacts on of ALS operations.  Excavation and offsite disposal 

is retained for further evaluation in the summary section below, where it is compared to other 

alternatives retained for the Building 7 lobe source area using the decision factors shown in 

Table 4.3.4-4.  The relatively steep slope requiring excavation, the depth of excavation required, 

and the sensitive structures at both the top and base of the slope would require extremely costly 

excavation measures. 

Soil Mixing 

Soil mixing would be used to break-up and mix the low permeability Mixed Unit with the 

overlying higher permeability Moraga Formation.  This would increase the permeability and 

enhance flushing/extraction of groundwater COCs or enhance injection of chemical oxidant 

reagents.  The method has been used in conjunction with injection of chemical reagents (e.g., 

oxidants), to destroy contaminants, or chemical reagents combined with grouts to stabilize 

contaminants.  Injection of chemical oxidants, as described under Chemical Oxidation above, 

would likely increase the reliability and effectiveness of this method.  Prior to implementing soil 

mixing, pilot testing would be required to assess its effectiveness and evaluate whether injection 

of chemical reagents would increase its effectiveness. 

Since soil mixing reduces the density of the subsurface materials, a concern with the 

technology would be its impact on the stability of the slope below the ALS and mitigation 

measures that might be required after the mixing is completed.  The cost of implementing soil 

mixing would be considerably less than the cost for either chemical oxidation or excavation, 

since it would basically consist of a combination of those two technologies (less disposal costs).  

Soil mixing is therefore not recommended because of implementability concerns and cost.  

However, if it can be shown that small “hot spots” of low permeability, highly impacted zones 

within the core remain after implementation of another technology, such an approach may be 

viable for locally increasing the permeability of those areas to enhance soil flushing.

Summary of Building 7 Lobe Core Corrective Measures Implementation Strategy 

The initial remediation objectives for the core area of the Building 7 lobe of the Old 

Town Groundwater Solvent Plume are to: 1) decrease groundwater COC concentrations below 
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target risk-based MCSs; and, 2) prevent migration of COCs in groundwater at concentrations 

above risk-based levels into the periphery.  The alternatives that were identified as likely to meet 

these objectives are chemical oxidation, excavation with offsite disposal, and groundwater 

extraction/flushing.  In addition, soil mixing was considered but rejected because of slope 

stability concerns and since the cost would be considerably higher than the other three 

technologies under consideration.

A cost comparison of the three alternatives under consideration (chemical oxidation, 

excavation with offsite disposal, and groundwater extraction/flushing) is provided in Appendix C.

The cost for application of chemical oxidation is estimated at $4,150,000.  The cost for 

groundwater extraction and flushing is estimated as $22,000 in capital costs for system expansion 

and $62,000 per year for operation and maintenance.  Net present value for capital, operation, and 

maintenance costs is estimated at $1,193,400, assuming 30 years of operation.  The base cost for 

excavation and offsite disposal is estimated at $6,180,000.   

Based only on cost, groundwater extraction and flushing would be the recommended 

alternative.  In addition, the level of compliance rankings of the other decision factors listed in 

Table 4.3.4-5 (long-term reliability and effectiveness, the short-term effectiveness, and the 

reduction in toxicity, mobility, or volume) for groundwater extraction and soil flushing are higher 

than those for chemical oxidation.  Although the level of compliance rankings for excavation and 

offsite disposal are somewhat higher than those for groundwater extraction and flushing, the 

estimated $5,000,000 cost differential outweighs the other factors.  Groundwater extraction and 

flushing is therefore recommended as the preferred alternative, particularly since the estimated cost 

for excavation does not consider potentially significant impacts on ALS operations. 

If groundwater COC concentrations in part or the entire plume core are reduced to levels 

below target risk-based MCSs, then those areas will be managed according to the strategy 

described below for the plume periphery.  

Alternatives Applicable to the Building 7 Lobe Periphery Area

The periphery area contains groundwater COCs at concentrations below target risk-based 

MCSs but above regulatory-based MCSs (i.e., MCLs), and includes areas that are primarily 
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downgradient or crossgradient from the core area.  Many of the wells in the periphery area can 

produce more than 200 gpd and therefore regulatory-based MCSs are the applicable cleanup 

levels.  As a result of natural attenuation, the hydrogeologic setting, and/or ongoing groundwater 

capture, groundwater containing COCs at detectable concentrations has not been migrating 

beyond the currently defined plume boundary.  As corrective measures reduce groundwater 

concentrations in the Building 7 lobe source and core areas to levels below target risk-based 

MCSs, those areas will be controlled using the same strategy for the periphery area described in 

this section.

Since COCs in the periphery area are present primarily in groundwater, with only a 

negligible fraction present as sorbed soil COCs in equilibrium with groundwater, only retained 

alternatives listed in Table 4.2.3-2 (potential corrective measures alternatives for groundwater) 

are evaluated.  The results of the evaluation are provided in Table 4.3.4-6 and discussed below. 

No Action

No-action in the Building 7 lobe periphery would consist of terminating all groundwater 

monitoring activities and stopping operation of the Building 58 West and Building 58 East 

Groundwater Collection Trenches and the Building 53/58 Slope Dual Phase (groundwater and 

soil vapor) Extraction System.  Groundwater concentrations would remain at levels above 

regulatory-based MCSs for the foreseeable future, although natural degradation processes would 

likely result in continued decreases in COC concentrations at some locations.  In addition, 

termination of groundwater extraction at the leading edge of the lobe east of Building 58 could 

degrade downgradient groundwater quality.  This alternative would not achieve MCSs and 

would likely be unacceptable to the regulatory agencies and the community.  It also does not 

comply with regulatory requirements and is therefore not recommended.

Monitored Natural Attenuation 

Studies of geochemical and biological parameters indicative of the potential for natural 

degradation of COCs were conducted within the plume area in 1997 and 2003.  Data from wells 

monitoring the downgradient portion of this area (MW58A-94-14 and MW58-95-18) suggest 

that ongoing natural attenuation is occurring.  The rate of natural attenuation is expected to
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increase in most areas of the periphery as corrective measures in the source and core areas reduce 

COC concentrations in the upgradient groundwater.

MNA is therefore retained for further evaluation in the summary section below, where it 

is compared to other alternatives retained for the Building 7 lobe periphery area using the 

decision factors shown in Table 4.3.4-6.

Institutional Controls 

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above.  This alternative would not achieve MCSs and would likely be unacceptable to 

the regulatory agencies and the community, and is therefore not recommended.

Groundwater Containment/Capture

Groundwater containment/capture can effectively control migration of COCs from the 

periphery into uncontaminated areas downgradient from the Building 7 lobe to comply with 

regulatory requirements.  Groundwater capture has been effective at controlling downgradient 

migration of the leading edge of the Building 7 lobe, and should continue until it can be shown 

that termination of the technology does not result in detectable concentrations of COCs in 

downgradient compliance wells.  

Permeable Reactive Barrier /Funnel & Gate

A permeable reactive barrier or funnel and gate might also control migration of COCs 

from the periphery into uncontaminated areas to comply with regulatory requirements in areas 

downgradient from the Building 7 lobe.  However, since the groundwater collection trench has 

been installed as an ICM and groundwater treatment systems are already in place, this alternative 

would have added costs.  In addition, the effectiveness of a permeable reactive barrier is not 

known.  This alternative is therefore not recommended.   
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Chemical Oxidation 

The effectiveness of in situ chemical oxidation for remediation of the periphery is not 

known and would require pilot testing prior to any full-scale implementation.  In situ chemical 

oxidation is generally not effective in low permeability and/or heterogeneous materials such as 

the Mixed Unit and Orinda Formation.  Generally, chemical oxidation is applied to areas that 

have high COC concentrations, and is not applicable to broad areas of low level contamination, 

such as the Building 7 lobe periphery, due to the high costs of reagent injection, the need for 

close spacing of injection points, and because reagent chemistry does not persist during 

groundwater migration.  The cost for conducting chemical oxidation of the plume core was 

estimated to be approximately $4,150,000 (Appendix C), and would be higher for the plume 

periphery due to the larger area that would require treatment.  For these reasons, chemical 

oxidation is not recommended.

Enhanced Bioremediation 

Available data indicate that natural biodegradation of COCs is occurring in the periphery 

area, and that enhancement of bioremediation may not be necessary.  However, it is possible that 

some enhanced bioremediation methods may be effective for expediting the process in some 

parts of the periphery.  Enhanced bioremediation is recommended for consideration only if MNA 

by itself becomes ineffective. 

Soil Flushing and Groundwater Extraction  

Available data indicate that DNAPL is not present in the plume periphery, although very 

low concentrations of sorbed COCs in equilibrium with dissolved groundwater COCs are likely 

to be present.  Therefore, groundwater flushing may result in permanent reductions of COC 

concentrations that are maintained with minimal “rebound” after cessation of flushing. 

As described above, a soil flushing pilot test is currently being conducted in the plume 

core, and results indicate that this technology has been effective in decreasing COC 

concentrations.  This technology would likely be even more effective in the plume periphery, 

which has even lower initial dissolved COC concentrations.  Additional injection/extraction 

wells/trenches could be installed to flush the plume periphery.  Soil flushing with groundwater 



(Draft) RCRA CMS Report 144 July 2004

extraction is therefore retained for further evaluation in the summary section below, where it is 

compared to other alternatives retained for the Building 7 lobe periphery area using the decision 

factors shown in Table 4.3.4-6.

Summary of Building 7 Lobe Periphery Corrective Measures Implementation Strategy 

The remediation objectives at the Building 7 lobe periphery are to: 1) ensure that 

groundwater COCs do not migrate into uncontaminated areas; and, 2) decrease groundwater COC 

concentrations below regulatory-based MCSs.  The corrective measures alternatives that were 

identified as likely to meet these objectives are MNA, groundwater capture, enhanced 

bioremediation, and soil flushing with groundwater extraction.  

Groundwater capture should continue at the leading edge of the Building 7 lobe to meet 

remediation objective (1) above until it can be shown that termination of groundwater extraction 

does not result in detectable concentrations of COCs in downgradient compliance wells. 

A combination of MNA and soil flushing and groundwater capture is recommended to 

meet objective (2) above.  The level of compliance rankings for the decision factors listed in 

Table 4.3.4-5 (long-term reliability and effectiveness; the short-term effectiveness; the reduction 

in toxicity, mobility, or volume; and cost) for these two alternatives are similar.  Since available 

data indicate that natural attenuation is resulting in concentration reductions at the downgradient 

edge of the Building 7 lobe, MNA is the recommended alternative for this area.  Soil flushing is 

the recommended alternative for the other areas of the periphery where evidence for MNA is 

currently absent. 
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4.3.5. Building 52 Lobe of the Old Town Groundwater Solvent Plume 

A general description of the Old Town Groundwater Solvent Plume is given in Section

4.3.3.  As described in that section, the Old Town plume consists of three coalescing lobes 

(Building 7 lobe, Building 25A lobe, and Building 52 lobe) of halogenated non-aromatic 

hydrocarbons derived from distinct sources (Figure 4.3.4.-1).  The Building 52 lobe extends 

northwestward from the area east of Building 52 to Building 46, where the contaminated 

groundwater is captured by the Building 46 subdrain (Figure 4.3.5-1).

The distribution of elevated VOC concentrations in the Building 52 lobe indicates that 

the source of groundwater contamination was located east of Building 52A.  Groundwater and 

soil sampling conducted in 1998 and 2000 to characterize the location, and magnitude and extent 

of COCs in this area indicated that a source of the lobe was likely spills in the vicinity of the 

paved area east of Building 52A.  An ICM was conducted in 2001 that consisted of excavation of 

contaminated soil from this area.  In addition, a soil flushing pilot test was initiated near the 

source area in May 2003. 

4.3.5.1 Current Conditions 

Geology and Hydrogeology

Bedrock consists primarily of relatively permeable volcanic rocks of the Moraga 

Formation, up to 80 feet thick, overlying the low permeability Orinda Formation.  The water 

table lies at approximately 50 to 70 feet below ground surface throughout most of the lobe, 

although it shallows to approximately 7 feet bgs at the base of the steep slope east of Building 

46, where the toe of the lobe is intercepted by the Building 46 subdrain.  The groundwater 

gradient is westward to northwestward (Figure 4.3.4-9).  Wells screened within the Moraga 

Formation in the Building 52 lobe are generally able to produce more than 200 gpd (Figure

4.3.5-1).Groundwater flow modeling has been conducted for the Old Town Plume, including the 

Building 52 Lobe using the ITOUGH2 code (Zhou and others, 2003; Preuss and others, 1999).  

The modeling, along with slug test data, was used to estimate rock physical characteristics (i.e., 

hydraulic conductivity and effective porosity) based on matching of seasonal variations in 
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groundwater elevations.  The model results indicate hydraulic conductivity values of 

approximately 10-5 meters per second and effective porosity values of approximately 0.04 within 

the Moraga Formation of the Building 52 lobe.  Modeled flow velocities based on these values 

are typically in the range of 3 to 6 meters per day (10 to 20 feet per day), which are substantially 

greater than velocities estimated for other parts of Berkeley Lab.  Modeled travel time estimates 

indicate that particles located at the head of the Building 52 lobe would reach the toe of the lobe 

in 28 to 65 days (Appendix D).  Modeling results also suggest that groundwater generally flows 

westwards towards Building 53, and then turns northwestwards towards Building 46 

Groundwater Contamination

The principal Building 52 lobe constituents are halogenated non-aromatic VOCs that 

were used as cleaning solvents, including PCE and carbon tetrachloride, and their degradation 

products (e.g. TCE 1,1-DCE, cis-1,2-DCE, and chloroform).  Chemicals detected in the 

groundwater at concentrations above MCLs in FY03 are listed in Table 4.3.5-1, where the 

maximum detected concentrations are compared to the target risk-based MCSs.  COCs was 

detected at a concentration exceeding the target risk-based MCS.

Groundwater COC Trends

Concentration trends for total halogenated non-aromatic VOCs detected in wells 

monitoring the Building 52 lobe are shown on Figure 4.3.5-2.  An overall long-term decline in 

concentrations was observed from approximately 1995 through 1999 in the core of the lobe 

(MW52-95-2B), but concentrations have since remained relatively stable.  A decreasing trend 

was also observed in wells monitoring the downgradient area of the lobe (MW27-92-20 and 

MW46-93-12), primarily between 1995 and 1997.  .  
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Table 4.3.5-1.  Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 52 Lobe of the Old Town Groundwater Solvent Plume 

COC Maximum
Concentration Detected 

in Groundwater in 
FY03
( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater 

MCS

( g/L)

TCE 87.8 5 1,594 
PCE   34* 5 343 
carbon tetrachloride 13.9 0.5 27 
cis-1,2-DCE 44.3 6 98,405 

* In August 2003, PCE concentrations of 537 and 410 µg/L were detected in two wells within the plume, but are inconsistent 
with all other results from these wells and are therefore not considered to be representative of groundwater conditions.   

The relative proportions of plume constituents vary with distance downgradient from the 

source area, with PCE becoming less abundant in comparison to TCE and DCE, indicating that 

degradation occurs during plume migration.  The relative proportions of the primary COCs in the 

PCE degradation pathway (PCE, TCE, cis-1,2-DCE, and 1,1-DCE) are shown on Figure 4.3.5-3

(source area well), Figure 4.3.5-4 (midplume well), and Figure 4.3.5-5 (downgradient well).  As 

shown on the figures, the relative proportions of these constituents at each well location have 

changed relatively little over time.  This indicates that the rate of degradation in the 

downgradient areas does not greatly exceed the rate of dissolution of COCs from residual soil 

contamination and migration from the source area.  

The relative proportions of COCs in the carbon tetrachloride degradation pathway 

(carbon tetrachloride and chloroform) are shown on Figure 4.3.5-6 (source area well), Figure 

4.3.5-7 (midplume well), and Figure 4.3.5-8 (downgradient well).  Although the total 

concentration of carbon tetrachloride and chloroform has gradually declined, their relative 

proportions have shown no consistent trend, suggesting that degradation is not an important 

factor in reducing concentrations of these COCs within the lobe.

An ICM using soil flushing technology was initiated for the Building 52 Lobe in May 

2003.  This ICM has comprised injection of treated groundwater  into groundwater monitoring 

wells MW52-98-8B and MW52-98-9 in the upgradient portion of the lobe.  An approximately 

50% reduction in COC concentrations was observed in monitoring well MW52-95-2B, located 
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downgradient from the injection wells, over three months of pilot test operation (Figure 4.3.5-2).

The decrease indicates that flushing is an effective method for reducing groundwater COC 

concentrations, at least in the short-term. 

Soil Contamination

Soil samples were collected in 2000 from twenty shallow (approximately 10-feet deep) borings 

to help locate the source of the contamination detected in groundwater east of Building 52A.  Up 

to 5 mg/kg total halogenated VOCs, consisting predominantly of PCE with lesser amounts of 

TCE and cis-1,2-DCE, were detected in soil samples collected from borings close to the 

monitoring wells with the highest groundwater concentrations.  In 2001, the area of soil 

contamination east of Building 52A  was excavated to a depth of approximately 9 feet as an ICM 

(Figure 4.3.5-9a and Figure 4.3.5-9b).  The maximum concentrations of halogenated VOCs 

detected in residual soil from the excavation area were below the target risk-based MCSs except 

for two samples that contained PCE exceeding its MCS and one sample that contained cis-1,2-

DCE exceeding its MCS.  However, the 95% UCLs for both PCE and cis-1,2-DCE in this area 

were less than the target risk-based MCSs (Appendix H) indicating that representative COC 

concentrations are lower than levels of concern.  

Evidence of DNAPL and Residual Soil Contamination

Maximum concentrations of COCs detected in soil samples collected in the Building 52 

lobe area are substantially lower than the soil saturation concentrations shown in Table 4.2.2-1, .  

Similarly, concentrations of COCs in groundwater are very low relative to their solubilities and 

effective volubilities.  These comparisons do not provide any evidence for the presence of 

DNAPLs.  This lack of evidence for the presence of DNAPLs is corroborated by the decline in 

total concentrations of halogenated VOCs in upgradient areas of the lobe observed from 

approximately 1995 to 1999. 

The lack of continuing declining concentration trends (excluding declines that have been 

a direct result of soil flushing) and the absence of changes in relative proportions of COCs in 

groundwater indicate that residual soil contamination is probably present at the upgradient edge 

the lobe. 
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4.3.5.2  Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 52 lobe of the Old Town Groundwater 

Solvent Plume:  

There is no evidence suggesting the presence of DNAPL.  The only residual soil 
contamination detected in the vadose zone consists of relatively low concentrations of 
contamination beneath the ICM excavation that are less than regulatory-based soil 
MCSs.

Past declining concentration trends in groundwater in the upgradient area of the lobe 
suggest that the mass of residual soil contamination available to impact groundwater 
has declined in the past.  However, the cessation of significant concentration declines 
and the lack of evidence for degradation of COCs at the head of the lobe indicate that 
low levels of residual contamination in equilibrium with dissolved groundwater 
COCs probably remain within the saturated zone.  Therefore, corrective measures for 
the lobe should be based on the remediation of dissolved-phase COCs and low level 
saturated zone residual soil contamination. 

The Building 52 lobe lies within an area where groundwater flows primarily through 
the relatively permeable rocks of the Moraga Formation.  Continued groundwater 
flow may result in flushing of contaminants from the pore space of the Moraga 
Formation.   

Wells within the Moraga Formation in the Building 52 lobe are expected to have 
sustainable yields greater than 200 gpd, so regulatory-based MCSs are applicable. 

The Building 52 lobe is elongated along the direction of groundwater flow, consistent 
with advection being the predominant contaminant transport mechanism.  The 
estimated groundwater velocity is roughly 10 to 20 feet per day in the Moraga 
Formation in this area. 

Spatial variations in plume chemistry suggest that degradation has been occurring 
during migration of constituents that are part of the PCE degradation pathway.  The 
lack of temporal change in the relative proportions of COCs indicates that the plume 
has apparently reached a state of equilibrium where degradation rates are similar to 
rates of dissolution of soil contaminants and downgradient migration of dissolved 
COCs.  No evidence for degradation of carbon tetrachloride has been observed.

Concentrations of COCs are above regulatory-based MCSs for groundwater, but are 
less than regulatory-based MCSs for soil and less than target risk-based MCSs for soil 
and groundwater. 

Initial results of the soil flushing pilot test indicate that this method may be effective 
at decreasing COC concentrations within the lobe.  
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4.3.5.3 Evaluation of Retained Corrective Measures Alternatives 

Concentrations of groundwater COCs in the Building 52 lobe exceed regulatory-based 

MCSs for a number of COCs, but are well below target risk-based MCSs.  Since well yield is 

greater than 200 gpd, regulatory-based MCSs are applicable.

As a result of ongoing capture of groundwater at a subdrain located east of Building 46 at 

the leading edge of the lobe, groundwater containing COCs at detectable concentrations has not 

been migrating beyond the currently defined plume boundary.  Transfer of COCs to surface water 

could potentially occur through the storm drain system, if the extraction of water from the Building 

46 subdrain were terminated.  However, as a result of dilution and volatilization of COCs, the 

chemical concentrations would likely be below detectable levels at the outflow to the creek. 

Since COCs are present primarily in groundwater, with only a negligible fraction present 

as sorbed soil COCs in equilibrium with groundwater and there is no indication of the presence 

of DNAPL, only retained technologies listed in Table 4.2.3-2 (potential corrective measures 

technologies for groundwater) are evaluated.  The results of the evaluation are provided in Table

4.3.5-2 and discussed below. 
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No Action 

No action for the Building 52 lobe would consist of terminating all groundwater monitoring 

activities and stopping extraction and treatment of water from the Building 46 subdrain, which 

intercepts the downgradient edge of the 52 lobe.  Under this alternative, once extraction from the 

subdrain was halted, contaminated groundwater could enter the storm drain system and flow into 

North Fork Strawberry Creek, although as described above, the COC concentrations would likely 

be below levels of concern at the creek outfall.  Groundwater concentrations would remain at 

levels above regulatory-based MCSs for the foreseeable future, although natural degradation 

processes would likely result in decreases in COC concentrations at some locations.  This 

alternative would not achieve MCSs and would likely be unacceptable to the regulatory agencies 

and the community.  It also does not comply with regulatory requirements and is therefore not 

recommended.

Monitored Natural Attenuation

A site-wide evaluation of geochemical parameters indicative of the potential for natural 

degradation of COCs was conducted in 1997.  Geochemical parameters measured in well MW52-

95-2B, located in the upgradient portion of the Building 52 lobe were not favorable for natural 

degradation processes.  In particular, the dissolved oxygen concentration was substantially greater 

than the minimum concentration that is considered indicative of conditions under which reductive 

dechlorination of COCs can occur.  However, observed ratios of parent-daughter compounds 

within the plume strongly suggest that degradation occurs during downgradient migration.  As 

described above, the lobe has apparently reached a state of equilibrium where the degradation rates 

are similar to the rates of dissolution of soil contaminants and downgradient migration of dissolved 

COCs.  These observations indicate that MNA would not be an effective alternative unless 

concentrations of COCs in groundwater in the upgradient area were to be significantly reduced.  

Therefore, MNA should only be considered in combination with more aggressive remediation 

technologies.   
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Institutional Controls

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above.  This alternative would not achieve MCSs and would likely be unacceptable to 

the regulatory agencies and the community, and is therefore not recommended.

Groundwater Containment/Capture

Groundwater capture has been effective at controlling downgradient migration of the 

leading edge of the Building 52 lobe and preventing the flow of contaminated water through the 

stormdrain system to North Fork Strawberry Creek.  This technology should continue until it can 

be shown that termination of the technology does not result in detectable concentrations of COCs 

in downgradient compliance wells and it can be shown that COCs would not be detected at the 

outfall to North Fork Strawberry Creek.

Permeable Reactive Barrier /Funnel & Gate

A permeable reactive barrier or funnel and gate system might control migration of COCs 

into uncontaminated areas to comply with regulatory requirements in areas downgradient from 

the Building 52 lobe.  However, since the subdrain and groundwater treatment systems are already 

in place, this alternative would have added costs.  In addition, the effectiveness of these types of 

systems is not known.  This alternative is therefore not recommended.   

Chemical Oxidation

Generally, the chemical oxidation method is applied in areas that have high COC 

concentrations and is not applicable to broad areas of low-level contamination due to the high costs 

of reagent injection, the need for close spacing of injection points, and because reagent chemistry 

does not persist during groundwater migration.  High COC concentrations or “hot spots” are not 

present in the Building 52 lobe area, so the technology is unlikely to be cost effective.  In addition, 

the effectiveness of the technology for remediation of the Building 52 lobe is not known and would 

require pilot testing prior to any full-scale implementation.  The cost for conducting chemical 

oxidation for the Building 52 lobe would be greater than that estimated for the smaller area 
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Building 7 lobe core, which was estimated to be approximately $4,150,000 (Appendix C)  Based 

on the high cost and unlikely effectiveness of this technology, it is not recommended.   

Enhanced Bioremediation

Available data suggest that natural degradation is occurring in the Building 52 lobe area 

during downgradient migration of dissolved COCs.  Therefore, the addition of enhancements 

might be effective in stimulating bioremediation of groundwater COCs, although the method 

would probably not be effective in the upgradient area of the lobe where high dissolved oxygen 

concentrations were measured.  The technology may be effective as part of a long-term strategy 

for the Building 52 lobe; however, pilot test would need to be performed to evaluate its 

effectiveness.  Enhanced bioremediation would not be implemented until groundwater COC 

concentrations in the upgradient lobe area have been reduced to levels that do not migrate to the 

downgradient area at concentrations above regulatory-based levels.

Soil Flushing and Groundwater Extraction

Available data indicate that DNAPL is not present in the Building 52 lobe, groundwater 

COC concentrations are relatively low, and the contamination is present in relatively permeable 

rocks.  These characteristics indicate that soil flushing and groundwater extraction may be 

effective in reducing COC concentrations in the groundwater with minimal “rebound” after 

flushing is terminated. 

After the first three months of operation of the soil flushing pilot test in the upgradient area of 

the Building 52 lobe, groundwater COC concentrations in MW52-95-2B, located close to the injection 

points, have been reduced by approximately 50%.  Additional injection/extraction wells/trenches could 

be installed to remediate the areas of the Building 52 lobe beyond the pilot test area.

Summary of Building 52 Lobe Corrective Measures Implementation Strategy

The remediation objectives for the Building 52 lobe are to: 1) ensure that groundwater 

COCs at detectable concentrations do not migrate to surface water; 2) ensure that groundwater 

COCs at concentrations exceeding regulatory-based MCSs do not migrate into areas where 

concentrations are less than MCSs; and, 3) decrease groundwater COC concentrations below 
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regulatory-based MCSs.  The remedial technologies that have been identified that may meet 

these objectives are groundwater capture, MNA, enhanced bioremediation, and soil flushing.  

Groundwater capture using the Building 46 subdrain addresses remediation objectives (1) and 

(2) above.  This technology should continue until it can be shown that termination of the 

technology does not result in detectable concentrations of COCs in downgradient compliance 

wells and at the outfall to North Fork Strawberry Creek.  The system (Building 46 subdrain and 

groundwater treatment system) is already in place and operation and maintenance costs are 

relatively low.  

In situ soil flushing has been identified as a potentially effective alternative to address 

remediation objective (3) above.  Based on the initial soil flushing pilot test results, this 

technology may permanently reduce COC concentrations to regulatory-based MCSs, and 

therefore is recommended for full-scale implementation.  If in situ soil flushing results in COC 

concentrations above the regulatory-based MCSs, MNA should be considered to further reduce 

the concentrations.  As described above, the Building 52 lobe has apparently reached a state of 

equilibrium where the degradation rates are similar to the rates of dissolution of soil contaminants 

and downgradient migration of dissolved COCs.  Soil flushing may reduce COC concentrations 

sufficiently so that MNA becomes an effective alternative (i.e. the rate of degradation exceeds the 

rate of dissolution in the upgradient lobe area and migration).  Enhanced bioremediation should be 

considered if MNA becomes ineffective. 
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4.3.6 Building 25A Lobe 

The Old Town Groundwater Solvent Plume is discussed in Section 4.3.3.  As described 

in that section, the Old Town plume consists of three coalescing lobes (Building 7 lobe, Building 

25A lobe, and Building 52 lobe) of halogenated non-aromatic hydrocarbons derived from 

distinct sources (Figure 4.3.4.-1).  The Building 25A Lobe encompasses two subplumes of 

groundwater contamination, containing different suites of COCs, which are likely derived from 

different sources.  The primary subplume contains TCE, 1,1-DCE and minor amounts of cis-1,2-

DCE, and extends from the western portion of Building 25A westward to the eastern edge of 

Building 6 (Figure 4.3.6-1).  This subplume contains over 200 ug/L total VOCs and is primarily 

present in rocks of the relatively low permeability Orinda Formation.  The second subplume 

contains primarily PCE (approximately 20 µg/L maximum concentration), with lower 

concentrations of TCE and carbon tetrachloride.  This subplume extends from east of Building 

25A to south of Building 25 (Figure 4.3.6-2), roughly coincident with the body of permeable 

Moraga Formation rocks that underlies that area 

Based on the concentrations of COCs in the groundwater, the source area for the western 

subplume is located near the western end of Building 25A.  From approximately 1996 to 1998, 

soil and soil gas sampling were conducted in that area; however, no specific source was located.  

An ICM was started in 2002 to flush contaminants from the soil in the source area.  The ICM 

consists of injection of treated groundwater into a shallow infiltration trench located between 

Building 25A and Building 44A and extraction of the injected water from a downgradient trench 

west of Building 25A and from well MW25A-98-3 north of Building 25A.  Extraction, 

treatment, and recirculation of water from the trench were started in April 2002.   

4.3.6.1 Current Conditions 

Geology and Hydrogeology

The Building 25A lobe extends both southwards and westwards from Building 25A, with 

the highest COC concentrations detected in wells at the west end of the building.  Bedrock 

beneath the Building 25 lobe area consists of relatively permeable volcanic rocks of the Moraga 
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Formation overlying low permeability rocks of the Orinda Formation.  Two large bodies of 

Moraga Formation rocks occupy depressions in the upper contact of the Orinda Formation.  One 

is oriented north-south beneath Building 25 and the eastern part of Building 25A, while the other 

is located beneath Buildings 5 and 16.  Due to the large contrast in hydraulic conductivity 

between these two units, the geometry of these bodies has a significant effect on groundwater 

flow in the lobe.  Groundwater is present in both the Moraga Formation and Orinda Formation.  

As shown on Figure 4.3.6-3, wells screened within the Moraga Formation, and within a zone of 

relatively permeable Orinda Formation rocks in the area north of Building 25A are generally able 

to produce more than 200 gpd.  However wells screened within the Orinda Formation are 

generally unable to produce more than 200 gpd. 

The water table is generally 20 to 30 feet bgs in the vicinity of Buildings 25A, 5 and 16, 

but deepens to approximately 80 feet bgs south of Building 25.  Groundwater gradient and flow 

directions are generally westward southward and eastward, radially away from Building 25A 

(Figure 4.3.4-9).

Groundwater flow modeling has been conducted for the Old Town Plume, including the 

Building 25A lobe using the ITOUGH2 code (Zhou and others, 2003; Preuss and others, 1999).  

The modeling, along with slug test data, was used to estimate rock physical characteristics (i.e., 

hydraulic conductivity and effective porosity) based on matching of seasonal variations in 

groundwater elevations.  Modeled flow velocities based on these values are typically in the range 

of 0.03 to 0.3 meters per day (0.1 to 1 feet per day) throughout most of the lobe, although rainy 

season model velocities within the Moraga Formation rocks beneath Building 25 were as high as 

3 meters per day (10 feet per day), reflecting the rise of water levels into high permeability rocks 

of the Moraga Formation (Appendix D).

Groundwater Contamination

The principal Building 25A lobe constituents are halogenated non-aromatic VOCs that 

were used as cleaning solvents including TCE, PCE, and carbon tetrachloride and their 

degradation products (e.g. 1,1-DCE, cis-1,2-DCE, and chloroform).  Chemicals detected in the 

groundwater at concentrations above MCLs in FY03 are listed in Table 4.3.6-1 where the 
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maximum detected concentrations are compared to the target risk-based MCSs.  None of the 

COCs was detected at a concentration exceeding the target risk-based MCS.  

Table 4.3.6-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 25A Lobe of the Old Town Groundwater Solvent Plume 

COC Maximum
Concentration Detected 

in Groundwater in 
FY03
( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater 

MCS

( g/L)

TCE 304 5 1,594 
PCE 37.5 5 343 
Carbon tetrachloride 2 0.5 27 
1,1-DCE 67.5 6 28,873 

Groundwater COC Trends

Concentration trends for total halogenated non-aromatic VOCs detected in wells 

monitoring the Building 25A lobe (western subplume) are shown on Figure 4.3.6-4a and 4.3.6-

4b.  Groundwater COC concentrations were relatively constant in the source area at Building 

25A until initiation of the soil flushing pilot test.  Since startup of the pilot test, groundwater 

COC concentrations have dropped substantially in the wells immediately adjacent to the test, but 

have not shown consistent trends in other source area wells.  Downgradient wells to the west of 

the source area (i.e., wells MW5-93-10 and MW6-92-17 have shown slow long-term 

concentration declines over the past 10 years.  

The relative proportions of TCE and 1,1-DCE vary with distance downgradient (westward) 

from the source area.  As shown on Figure 4.3.6-5 and Figure 4.3.6-6, the proportion of 1,1-DCE 

relative to TCE increases significantly with distance downgradient from well MW25A-99-2, 

located close to the source area, and well MW25A-95-15, located approximately 50 feet 

downgradient from the source area.  However, this relationship cannot be verified in wells further 

downgradient because parent product concentrations decrease significantly, and degradation 

product concentrations are below detection levels.  The 1,1-DCE may originate either directly as a 

product spill or from degradation of TCE.  If 1,1-DCE is derived from the degradation of TCE, 
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then the downgradient increase in the relative proportion of 1,1-DCE indicates that degradation is 

occurring during plume migration.  The relative proportions of these constituents have not changed 

markedly over time, and a slight increase is apparent in the proportion of parent product (TCE) to 

daughter product (1,1-DCE) in well MW25A-95-15.  This indicates that the rate of degradation 

does not greatly exceed the rate of COC migration from the upgradient source area or dissolution 

of COCs from residual soil contamination.  Based on approximately eight years of monitoring the 

downgradient edge of the subplume, no downgradient migration of COCs beyond the toe of the 

plume has been occurring, although this relation is uncertain in the area where the subplume 

coalesces with the Building 7 lobe. 

For the eastern PCE/TCE/carbon tetrachloride subplume, COC concentrations have been 

essentially constant throughout the monitoring period.  Based on approximately eight years of 

monitoring the downgradient edge of the subplume, no downgradient migration of COCs beyond 

the toe of the plume has been occurring. 

Soil Contamination

Soil samples have been collected in the source area near Building 25A, but only sporadic 

samples contained detectable VOCs.  No PCE was detected, and the maximum detected 

concentrations of TCE and 1,1-DCE were 0.052 and 0.0058 mg/kg, respectively.  These levels 

are substantially lower than the regulatory-based MCSs.  In 1998, soil gas probes were installed 

west, north, and beneath Building 25A to help locate the source of the groundwater 

contamination, but no contaminant source was located.    

Distribution of DNAPL and Residual Soil Contamination

Maximum concentrations of COCs detected in soil samples collected in the Building 25A 

lobe area are substantially lower than the soil saturation concentrations shown in Table 4.2.2-1.

Similarly, concentrations of COCs in groundwater are very low relative to their solubilities and 

effective volubilities.  These comparisons do not provide any evidence for the presence of 

DNAPLs in the lobe.

The lack of declining concentration trends or changes in relative proportions of COCs in 

groundwater (prior to startup of the soil flushing pilot test) indicate that residual soil 
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contamination is probably present within or adjacent to the saturated zone in the vicinity of the 

source area, although COCs were not detected in saturated zone samples collected during 

installation of monitoring wells in this area. 

4.3.6.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 25A lobe of the Old Town Groundwater 

Solvent Plume:  

There is no evidence suggesting the presence of DNAPL.  The absence of declining 
trends in COC concentrations combined with the lack of evidence for degradation of 
COCs in the source area of the western subplume and throughout the eastern 
subplume indicate that low levels of residual contamination in equilibrium with 
dissolved groundwater COCs probably remain within the saturated zone.  Therefore, 
corrective measures for the lobe should be based on the remediation of dissolved-
phase COCs and low level saturated zone residual soil contamination. 

Concentrations of COCs for both subplumes are at levels significantly lower than 
target risk-based MCSs. 

Since well yield is generally greater than 200 gpd, regulatory-based MCSs are 
applicable. 

Western Subplume (TCE and 1,1-DCE)

The western subplume lies within an area where groundwater flows primarily through 
relatively low permeability rocks of the Orinda Formation close to the source area, 
and through higher permeability rocks downgradient (west) and crossgradient (north) 
of this area.  Groundwater wells near the source area yield less than 200 gpd, whereas 
those downgradient and crossgradient yield more than 200 gpd.  The estimated 
groundwater velocity is roughly 0.1 to 1 feet per day.

Spatial variations in plume chemistry suggest that degradation has been occurring 
during migration of constituents that are part of the TCE degradation pathway.  The 
lack of temporal change in the relative proportions of COCs indicates that a state of 
equilibrium has been reached where degradation rates are similar to rates of 
dissolution of soil contaminants and downgradient migration of dissolved COCs.  

Initial results of the soil flushing pilot test indicate that this method may be effective 
at decreasing COC concentrations, although no data are available to determine 
whether permanent concentration reductions are attainable in the absence of 
continued flushing.
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Migration of COCs beyond the toe of the subplume does not appear to be occurring, 
and the decreasing concentration trends observed in wells monitoring this area 
suggest that the subplume may be retreating.  

Eastern Subplume (PCE, TCE, and Carbon Tetrachloride)

The eastern subplume lies within an area where groundwater flows primarily through 
permeable rocks of the Moraga Formation.  This indicates that continued groundwater 
flow may result in flushing of contaminants from the pore space of the Moraga 
Formation.  Due to the relatively high permeabilities, groundwater extraction wells 
installed within the plume would be expected to yield more than 200 gpd.  The 
estimated groundwater velocity is up to 9 feet per day in the Moraga Formation.  
Migration of COCs beyond the toe of the subplume does not appear to be occurring. 

Groundwater COC concentrations are too low to draw conclusions regarding 
degradation in the eastern subplume.  The lack of temporal change in the relative 
proportions of COCs indicates that a state of equilibrium has been reached where if 
any degradation is occurring, its rate is similar to rates of dissolution of soil 
contaminants and downgradient migration of dissolved COCs.  

4.3.6.3 Evaluation of Retained Corrective Measures Alternatives 

Concentrations of groundwater COCs in the Building 25A lobe exceed regulatory-based 

MCSs for a number of COCs, but are well below target risk-based MCSs.  Since well yield is 

generally greater than 200 gpd, regulatory-based MCSs are applicable.

Groundwater containing COCs at detectable concentrations has not been migrating 

beyond the currently defined plume boundary (except possibly where the plume coalesces with 

the higher concentration Building 7 lobe), so migration control is not a concern.  Since COCs are 

present primarily in groundwater, with only a negligible fraction present as sorbed soil COCs in 

equilibrium with groundwater, only retained technologies listed in Table 4.2.3-2 (potential 

corrective measures technologies for groundwater) are evaluated.  The results of the evaluation 

are provided in Table 4.3.6-2 and discussed below. 

No Action

No action for the Building 25A lobe would consist of terminating all groundwater-

monitoring activities and stopping the soil flushing pilot testing the source area.  Currently, 

groundwater concentrations of several COCs (carbon tetrachloride, cis-1,2-DCE, PCE, and TCE)   
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are well above regulatory-based MCSs (MCLs).  Groundwater concentrations would remain at 

levels greater than regulatory-based MCSs for the foreseeable future.  This alternative would not 

achieve MCSs and would likely be unacceptable to the regulatory agencies and the community.  It 

also does not comply with regulatory requirements and is therefore not recommended.

Monitored Natural Attenuation

A site-wide evaluation of geochemical parameters indicative of the potential for natural 

degradation of COCs was conducted in 1997.  Geochemical parameters measured in well MW25-

95-15, located a short distance downgradient from the Building 25A groundwater collection 

trench, were not favorable for natural degradation processes.  In particular, the dissolved oxygen 

concentration was substantially greater than the minimum concentration that is considered 

indicative of conditions under which reductive dechlorination of COCs can occur.  However, 

observed ratios of parent-daughter compounds within the western subplume suggest that 

degradation occurs during downgradient migration.  In addition, there is no evidence that natural 

attenuation is occurring in the eastern subplume.  As described above, the lobe has apparently 

reached a state of equilibrium where the degradation rates are similar to the rates of dissolution of 

soil contaminants and downgradient migration of dissolved COCs.  These observations indicate 

that MNA would not be an effective alternative unless concentrations of COCs in groundwater in 

the source area are significantly reduced.  Therefore, MNA should only be considered in 

combination with more aggressive remediation technologies.

Institutional Controls

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above.  This alternative would not achieve MCSs and would likely be unacceptable to 

the regulatory agencies and the community, and is therefore not recommended.

Groundwater Containment/Capture

The Building 25A lobe is generally stable and no containment or capture is required.  

Some migration of COCs above regulatory-based MCSs may be occurring where the Building 

25A lobe coalesces with the Building 7 lobe; however, at these locations concentrations of 
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Building 25A lobe constituents are only slightly above MCLs.  Continuation of soil flushing and 

groundwater capture (or implementation of other corrective measures) in the western subplume 

source area should reduce COC concentrations in the downgradient areas to levels below MCSs.  

This alternative is therefore not recommended.  

Permeable Reactive Barrier /Funnel & Gate

A permeable reactive barrier or funnel and gate system might control migration of COCs 

into uncontaminated areas to comply with regulatory requirements in areas downgradient from 

the Building 25A lobe.  However, the Building 25A lobe is stable, except possibly where it 

coalesces with the Building 7 lobe where Building 7 lobe COC concentrations are well above 

MCLs.  This alternative is therefore not recommended. 

Chemical Oxidation

Generally, in situ chemical oxidation is applied in areas that have high COC concentrations 

and is not applicable to broad areas of low level contamination due to the high costs of reagent 

injection, the need for close spacing of injection points, and because reagent chemistry does not 

persist during groundwater migration.  High COC concentrations or “hot spots” are not present in 

the Building 25A Lobe, indicating that the technology is unlikely to be cost effective.  In addition, 

the effectiveness of the technology for remediation of the Building 25A lobe is not known and 

would require pilot testing prior to any full-scale implementation.  The method would require 

numerous closely spaced injection points (typically on the order of 3 to 5 feet spacing).  In 

addition, implementation of this technology would be difficult because for the Building 25A lobe 

source area is located under Building 25A.  For these reasons, chemical oxidation is not 

recommended. 

Enhanced Bioremediation

Available data suggest that natural degradation is only occurring in the downgradient 

portion of the western subplume.  Therefore, the addition of enhancements might be effective in 

stimulating bioremediation of groundwater COCs in the downgradient portion of the lobe.  

Hydrogen Releasing Compound (HRC) could be injected to enhance reductive dechlorination of 

groundwater COCs in both the western and eastern subplumes.  However, although pilot testing 
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of this technology at the Building 71B lobe of the Building 71 Groundwater Solvent Plume has 

indicated that this method may be effective, its effectiveness at the Building 25A lobe is 

unknown.  Enhanced bioremediation would not be implemented until groundwater COC 

concentrations in the upgradient lobe area have been reduced to levels that do not migrate to the 

downgradient area at concentrations above regulatory-based levels.

Soil Flushing and Groundwater Extraction

Available data indicate that DNAPL is not present in the Building 25A lobe and 

groundwater COC concentrations are relatively low.  These characteristics indicate that soil 

flushing and groundwater extraction may be effective in reducing COC concentrations in the 

groundwater with minimal “rebound” after flushing is terminated. 

After two years of operation of the soil flushing pilot test in the source area, groundwater 

COC concentrations in wells immediately adjacent to the pilot test area and well MW25A-95-15 

have been substantially reduced.  However, “rebound” following cessation of flushing has not 

been evaluated, so it is not yet certain whether concentration declines will be permanent.  Based 

on results of pilot testing, this technology is recommended for full-scale implementation.  

Summary of Building 25A Lobe Corrective Measures Implementation Strategy

The remediation objectives for the Building 25A lobe are to: 1) ensure that groundwater 

COCs at concentrations exceeding regulatory-based MCSs do not migrate into areas where 

concentrations are less than MCSs; and, 2) decrease groundwater COC concentrations below 

regulatory-based MCSs.  The remedial technologies that have been identified that may meet these 

objectives are MNA, enhanced bioremediation, and soil flushing.  

No remediation technologies are needed to address objective (1) above, since long-term 

groundwater monitoring data have established that the downgradient boundaries of the two 

subplumes of the Building 25A lobe are not migrating, except possibly where the western 

subplume coalesces with the Building 7 lobe.   

In situ soil flushing has been identified as a potentially effective alternative to address 

remediation objective (2) above.  Based on soil flushing pilot test results, this technology may 
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permanently reduce COC concentrations to regulatory-based MCSs, and therefore is 

recommended for full-scale implementation.  If in situ soil flushing results in COC 

concentrations above the regulatory-based MCSs, MNA should be considered to further reduce 

the concentrations.  As described above, the Building 25A lobe has apparently reached a state of 

equilibrium where the degradation rates are similar to the rates of dissolution of soil contaminants 

and downgradient migration of dissolved COCs.  Soil flushing may reduce COC concentrations 

sufficiently so that MNA becomes an effective alternative (i.e. the rate of degradation exceeds the 

rate of dissolution in the upgradient lobe area and migration).  Enhanced bioremediation should be 

considered if MNA becomes ineffective. 
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4.3.7 Building 69A Area of Groundwater Contamination 

The location of the Building 69A Area of Groundwater Contamination is shown on 

Figure 4.3.7-1.  The most likely source of the contamination was leakage from a pipeline in the 

Building 69A Hazardous Materials Storage and Delivery Area (AOC 3-1) that drains to the 

Building 69A Storage Area Sump (SWMU 3-5).  A dislocation was observed in one of the sump 

drainpipes and repaired in 1987. 

4.3.7.1 Current Conditions 

Geology and Hydrogeology

Prior to development of the site, the topography of the Building 69A area was generally 

dominated by relatively steep southward facing slopes.  Chicken Creek Canyon, a major north-

south-trending drainage course, and its tributaries, occupied the area west of the current location 

of Building 69A, and flowed downslope towards Building 77.  Colluvium greater than 10 feet 

thick overlies bedrock in the former drainage area.  During development, hillside cuts and 

canyon filling resulted in placement of artificial fill from 25 to 50 feet thick within the canyon in 

the vicinity of Building 69A.  This created the relatively flat site on which Building 69A and 

adjacent buildings and parking areas are currently located.  The main bedrock unit underlying the 

artificial fill and colluvium in the Building 69A area is the Orinda Formation, which consists of 

nonmarine siltstones and fine-grained sandstones.  The Orinda Formation is overlain in some 

areas by volcanic and sedimentary rocks of the Mixed Unit.

Shallow groundwater in the Building 69A area is present in both the Orinda Formation 

and the surficial units (i.e., alluvium, colluvium, and artificial fill).  However, groundwater flow 

within the Orinda Formation is of minor importance, as indicated by the relatively low values of 

hydraulic conductivity that have been measured in the unit.  Depth to groundwater is 

approximately 25 feet to 45 feet bgs.  Assuming a hydraulic conductivity value (K) of 2.6 x 10-7

meters per second for the Orinda Formation (estimated from a slug test in MW69A-92-22) and 

an estimated effective porosity (ne) of 0.1, Darcy’s law (vx = K/ne x dh/dl) indicates that the 

average linear groundwater velocity (vx) would be approximately 18 meters per year (45 feet per 
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year) in the Building 69A area.  Groundwater velocities in the surficial units are likely to be 

greater than this estimate.  As shown on Figure 4.3.7-1, yields from wells in this area are all less 

than 200 gpd. 

Groundwater Contamination

The principal Building 69A Area of Groundwater Contamination constituents are 

degradation products of halogenated non-aromatic VOCs that were used as cleaning solvents 

(e.g. cis-1,2-DCE and vinyl chloride).  Lower concentrations of trans-1,2-DCE, PCE, 1,1,1-TCA, 

and other VOCs, including aromatic hydrocarbons, have also been occasionally detected.  

Chemicals detected in the groundwater at concentrations above MCLs in FY03 are listed in 

Table 4.3.7-1 where the maximum detected concentrations are compared to the target risk-based 

MCSs.  None of the COCs was detected at a concentration exceeding the target risk-based MCS. 

Table 4.3.7-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 69A Area of Groundwater Contamination 

COC Maximum
Concentration

Detected in 
Groundwater in FY03

( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater 

MCS

( g/L)

cis-1,2-DCE 28 6 98,405 
vinyl chloride 43 0.5 12 
PCE 11 5 343 
Note: boldface concentration indicates that the maximum detected concentration of the COC in FY03 exceeds the target risk-
based groundwater MCS. 

The lateral extent of contamination appears to be confined to a relatively small area west 

and southwest of Building 69A.  The extent of vinyl chloride, which is apparently restricted to 

the area of temporary groundwater sapling point SB69A-99-1, is much more limited than that of 

cis-1,2-DCE.  Based on the low hydraulic conductivity of the Orinda Formation, the vertical 

extent of contamination is likely restricted to the colluvium and the upper few feet of the Orinda 

Formation.  No COCs have been detected in downgradient temporary groundwater sampling 

point SB77-02-1. 
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Groundwater COC Trends

Concentration variations for cis-1,2-DCE and vinyl chloride in wells monitoring the area 

of groundwater contamination  over time are shown on Figure 4.3.7-2.  The concentration of cis-

1,2-DCE has been decreasing in groundwater samples collected from the three wells monitoring 

the area of groundwater contamination the and is approaching the MCL.  However, the 

concentration of vinyl chloride detected in SB69A-99-1 increased from nondetectable levels to 

approximately 30 to 40 µg/L in early 2001, coincident with a significant decrease in cis-1,2-DCE 

concentrations, and has remained relatively constant since that time.  The lateral extent of the 

Building 69A Area of Groundwater Contamination does not appear to have changed over several 

years of monitoring.  However, the observed decrease in cis-1,2-DCE concentrations, in 

conjunction with an increase in vinyl chloride concentrations strongly suggests that natural 

degradation processes are occurring (vinyl chloride is a degradation product of cis-1,2-DCE), 

and that COC concentrations will likely decline to levels below MCLs.   

Soil Contamination

Shallow soil samples (2-foot depth) were collected in 1991 in the area west of the 

groundwater unit to help assess whether chemicals had been released from the likely source, the 

pipe dislocation described above.  The highest VOC concentrations were detected adjacent to the 

repaired dislocation of the pipe (PCE maximum 2 mg/kg and TCE maximum 0.008 mg/kg), 

indicating that the pipe was the probable source of the contamination.  Soil samples collected in 

1992 and 1993 near the repaired pipe dislocation contained PCE at a maximum concentration of 

1.4 mg/kg.  However, no VOCs were detected in soil samples collected in the same area in 

September 2000, suggesting that the previously detected PCE and TCE may have degraded to 

nondetectable levels.

The only other location where halogenated VOCs have been detected in soil samples 

collected in the area of groundwater contamination was cis-1,2-DCE (0.008 mg/kg maximum) in 

soil boring SB69A-99-1.  However, these soil samples were collected from below the water 

table, indicating that they may represent groundwater contamination rather than soil 

contamination. 
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Presence of DNAPL

Maximum concentrations of COCs detected in soil samples collected in the Building 69A 

Area of Groundwater Contamination are substantially lower than the soil saturation 

concentrations shown in Table 4.2.2-1.  Similarly, concentrations of COCs in groundwater are 

very low relative to their solubilities and effective volubilities.  These comparisons do not 

provide any evidence for the presence of DNAPLs.  The absence of DNAPLs is further 

substantiated by the decline in total concentrations of halogenated VOCs in groundwater. 

4.3.7.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants for the Building 69A Area of Groundwater 

Contamination:  

There is no evidence suggesting the presence of DNAPL or of residual soil 
contamination at levels likely to leach into groundwater.  Declines in COC 
concentrations in groundwater corroborate this finding.

Groundwater flows primarily through surficial units and low permeability rocks of 
the Orinda Formation at velocities estimated to be approximately 18 feet per year or 
greater.

Due to the relatively low permeability of the Orinda Formation, well yields are less 
than 200 gpd, so target risk-based MCSs are applicable. 

Spatial and temporal concentration trends suggest that cis-1,2-DCE has been 
degrading, but this process has apparently resulted in local increases in vinyl chloride 
concentrations.  It is anticipated that vinyl chloride levels will not decrease until after 
the remaining cis-1,2-DCE has degraded further. 

Concentrations of vinyl chloride exceed target risk-based MCSs in groundwater in 
temporary groundwater sampling point SB69A-99-1.  The potential human receptors 
and risk-based exposure pathways of potential concern are exposure to COCs by 
hypothetical future indoor workers breathing vapor migrating to indoor air from 
groundwater (Berkeley Lab, 2003a).   

4.3.7.3 Evaluation of Retained Corrective Measures Alternatives 

Concentrations of groundwater COCs (vinyl chloride) in the Building 69A Area of 

Groundwater Contamination exceed target risk-based MCSs.  Regulatory-based MCSs are not 
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applicable.  Available data indicate that DNAPLs are not present.  No migration of COCs 

beyond the plume margins is occurring, so migration control is not a concern.

The corrective measures alternatives that are evaluated for the Building 69A 

Groundwater Solvent Plume and source area are those that were retained in Table 4.2.3-2 for

groundwater).  The results of the evaluation are provided in Table 4.3.7-2 and discussed below. 

No Action 

No action for the Building 69A Area of Groundwater Contamination would consist of 

termination of all groundwater monitoring activities.  The concentration of vinyl chloride should 

eventually decrease to below the risk-based level; however, the timeframe for this to happen is 

unknown.  These conditions would require establishment of Institutional Controls to protect 

future workers. In addition, this alternative would likely be unacceptable to the regulatory 

agencies and the community.  The No Action alternative is not protective of human health and 

the environment and is therefore eliminated from further consideration. 

Monitored Natural Attenuation

The site groundwater monitoring data indicate that biodegradation of halogenated VOCs 

by reductive dechlorination is occurring.  The lines of evidence for this conclusion include:

The contaminant mass currently consists almost entirely of cis-1,2-DCE and vinyl 
chloride.  The presence of these degradation products suggests biodegradation of PCE 
and/or TCE.  In addition, groundwater samples collected from SB69A-99-1 showed 
consistent decreases in cis-1,2-DCE concentrations, while concentrations of vinyl 
chloride have increased. 

Dissolved oxygen (DO) concentrations measured in groundwater indicate that 
groundwater conditions are anaerobic (DO<1).

Aromatic hydrocarbons have been detected in groundwater samples.  These fuel 
hydrocarbons could be a carbon source for indigenous microorganisms.  
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MNA would include a program to monitor the effectiveness of the alternative. The 

monitoring program would be based on the existing monitoring well network. Periodic 

groundwater sampling would provide confirmation that degradation of COCs is continuing, and 

that vinyl chloride concentrations remain below risk-based levels.  MNA is therefore retained for 

further evaluation in the summary section below, where it is compared to other alternatives 

retained for the Building 69A Area of Groundwater Contamination using the decision factors 

shown in Table 4.3.7-2.

Institutional Controls

The evaluation of Institutional Controls is similar to that for the No Action alternative 

discussed above; however, institutional controls can be somewhat effective in protecting human 

health in the short term, but less effective in the long-term.  This alternative would not achieve 

MCSs and would likely be unacceptable to the regulatory agencies and the community, and is 

therefore not recommended.     

Groundwater Containment/Capture

The plume is stable and no containment or capture of the plume boundary is currently 

required or planned.  This alternative is therefore not recommended. 

Permeable Reactive Barrier/Funnel & Gate 

A permeable reactive barrier or funnel & gate system would have a similar effect to a 

groundwater capture system.  Since the plume is stable and no containment or capture is 

currently required or planned for the future, this technology is not recommended.

Chemical Oxidation

The effectiveness of chemical oxidation for remediation of the Building 69A Area of 

Groundwater Contamination plume is not known and would require pilot testing prior to any 

full-scale implementation.  In situ chemical oxidation is generally not effective in low 

permeability materials such as the Orinda Formation, and as described in Section 4.3.2, pilot 

testing of this technology in the Building 51L and Building 71B Groundwater Solvent Plume 
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source areas was not effective, so the likelihood that it would be effective is considered to be 

low.  However, due to the very small size of this unit, this technology could potentially be 

effective if pilot testing showed that delivery of reagents to the impacted pore space could be 

ensured.  In situ chemical oxidation is therefore retained for further evaluation in the summary 

section below, where it is compared to other alternatives retained for the Building 69A Area of 

Groundwater Contamination using the decision factors shown in Table 4.3.7-2.

Enhanced Bioremediation

Enhanced bioremediation for the Building 69A Area of Groundwater Contamination would 

consist of the controlled release of Oxygen Release Compounds (ORC®) into the groundwater to 

enhance natural biodegradation of vinyl chloride.  A pilot test of HRC injection was conducted at 

Building 75/75A Area of Groundwater Contamination, under similar site-specific hydrogeologic 

conditions to those found in the Building 69A area.  The results were not favorable, suggesting 

that enhanced bioremediation is not effective under the hydrogeologic conditions that are 

present.  However, since HRC was the technology that was tested, the effectiveness of ORC is 

not known.  Enhanced bioremediation using ORC is therefore retained for further evaluation in 

the summary section below, where it is compared to other alternatives retained for the Building 

69A Area of Groundwater Contamination using the decision factors shown in Table 4.3.7-2.

Soil Flushing and Groundwater Capture

Available data indicate that DNAPL and COCs sorbed to the soil matrix in the vadose 

zone are not present in the Building 69A Area of Groundwater Contamination, except for sorbed 

COCs in equilibrium with dissolved groundwater COCs.  Therefore, groundwater flushing may 

result in permanent reductions of COC concentrations that are maintained with minimal 

“rebound” after cessation of flushing.  However, the very low permeability of saturated zone 

materials at the unit would likely limit the effectiveness of this remedy due to the long period of 

time needed for implementation.  In addition, introduction of treated water might result in halting 

the apparently on-going natural degradation processes.  Based on this evaluation, soil flushing is 

retained for further evaluation in the summary section below, where it is compared to other 

alternatives retained for the Building 69A Area of Groundwater Contamination using the 

decision factors shown in Table 4.3.7-2.
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Summary of Corrective Measures Implementation Strategy

The remediation objective for the Building 69A Area of Groundwater Contamination is 

to reduce groundwater COC (vinyl chloride) concentrations below target risk-based MCSs.  The 

remedial technologies that have been identified that may meet these objectives are MNA, 

enhanced bioremediation, chemical oxidation, and in situ soil flushing.  Except for MNA, the 

effectiveness of these technologies would be severely limited by the low permeabilities of 

subsurface materials.  The cost of MNA would be less than the other alternatives that can meet 

the remediation objective, and except for the short-term effectiveness of soil flushing and 

enhanced bioremediation, ranked at least as high in the other decision factors listed in Table

4.3.7-2.  Therefore, based on its ranking in the decision factors and the fact that there is strong 

evidence that MNA is currently effective, MNA is the recommended alternative.   
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4.3.8 Solvents in Groundwater South of Building 76 (AOC 4-5) 

The location of the Solvents in Groundwater South of Building 76 (Building 76 Groundwater 

Solvent Plume) is shown on Figure 4.3.7-1.  The area of maximum VOC concentrations in 

groundwater south of Building 76 suggests that the primary source of the plume was related to 

Building 76 operations; however, the specific source has not been located.  The Building 76 Motor 

Pool Collection Trenches and Sump (SWMU 4-3) are suspected to be the primary source of 

contamination, due to their close proximity to the plume and potential for past releases.  The Former 

Building 76 Gasoline and Diesel Underground Storage Tanks (USTs) (AOCs 4-1 and 4-2) are the 

likely sources for fuel hydrocarbons that have also been detected in the groundwater south of 

Building 76. 

4.3.8.1 Current Conditions 

Geology and Hydrogeology

The Building 76 area lies on a relatively flat graded building pad that interrupts a 

relatively steep southwest-facing slope.  The main bedrock in the Building 76 area is the Orinda 

Formation, which consists of nonmarine siltstones and fine-grained sandstones.  Approximately 

10 to 20 feet of fill overlies the bedrock south of the building.   

Depth to groundwater is approximately 13 feet to 25 feet bgs.  The groundwater is 

generally in the Orinda Formation and does not extend into the overlying fill.  Assuming a 

hydraulic conductivity value (K) of 3 x 10-8 meters per second for the Orinda Formation 

(estimated from a slug test in MW76-1) and an estimated effective porosity (ne) of 0.1, Darcy’s 

law (vx = K/ne x dh/dl) indicates that the average linear groundwater velocity (vx) would be 

approximately 1.5 meters per year (5 feet per year) in the Building 76 area.  As shown on Figure

4.3.7-1, yields from wells in this area are all less than 200 gpd. 

Groundwater Contamination

The principal Building 76 Groundwater Solvent Plume constituents are halogenated non-

aromatic VOCs that were used as cleaning solvents (PCE and TCE) and their degradation 
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products of (e.g. cis-1,2-DCE).  In addition, diesel- and gasoline-range hydrocarbons and 

aromatic (fuel-related) VOCs have been occasionally detected in wells in this area.  Chemicals 

detected in the groundwater at concentrations above MCLs in FY03 are listed in Table 4.3.8-1

where the maximum detected concentrations are compared to the target risk-based MCSs.  None 

of the COCs was detected at a concentration exceeding the target risk-based MCS. 

Table 4.3.8-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the 
Building 76 Groundwater Solvent Plume 

COC Maximum
Concentration

Detected in 
Groundwater in FY03

( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater 

MCS

( g/L)
cis-1,2-DCE 9.8 6 98,405 
TCE 20 5 3,065 

The plume extends approximately 100 feet southwards from the motor pool area on the 

south side of Building 76.  Groundwater containing COCs lies beneath the existing motor pool 

gasoline and diesel underground storage tanks and also likely extends beneath Building 76.  The 

lateral (transgradient) extent of halogenated non-aromatic VOCs in the groundwater is 

characterized by the absence of VOCs in wells to the west and east of the plume (Figure 4.3.7-1).

The lateral (downgradient) extent of the plume is indicated by only sporadic detections of VOCs in 

monitoring well MW76-98-22, with no VOCs detected in the well since March 2001.  Based on 

the low hydraulic conductivity of the Orinda Formation, the vertical extent of contamination is 

likely restricted to relatively shallow depths in the Orinda Formation.  

Groundwater COC Trends

VOC concentrations in wells south of Building 76 have remained relatively constant 

since 1993, as indicated by measurements in monitoring well MW76-1.  In addition, COCs have 

not been detected in downgradient monitoring well MW76-98-22 since March 2001. 
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Soil Contamination

Soil samples were collected near the Building 76 motor pool collection trenches and garage 

area sump during several rounds of sampling from 1992 to 1997.  In addition, soil samples were 

collected in 1990 during removal operations for the former Building 76 underground gasoline and 

diesel storage tanks and in 1997 during subsequent investigations of soil contamination associated 

with the former USTs.  The sampling locations partially overlie the area of groundwater 

contamination.  Relatively low concentrations (well below MCSs) of PCE, TCE, 1,1,1-TCA, Freon 

compounds, and chloroform were the only halogenated VOCs detected.  

Soil Gas and Indoor Air Data

The maximum theoretical ILCR (2.1 x 10-5) estimated for the unit was within the USEPA 

target risk range (10-4 to 10-6) for current indoor workers, based on indoor air concentrations 

measured inside Building 76, which partly overlies the area of groundwater contamination 

(Berkeley Lab, 2003).  Benzene, PCE, and TCE were the primary risk drivers.  Since benzene 

was not detected in the groundwater, the source of the benzene is likely the adjacent gasoline 

fuelling operations.  The major source of the halogenated VOCs detected in indoor air may be 

surface (e.g. concrete) contamination from historical motor pool degreasing activities, and not 

contaminated soil or groundwater.  Soil gas sampling was conducted to assess whether or not 

VOCs were present beneath the concrete floor of the Building.  Soil gas VOC concentrations in 

the vicinity of the previously collected indoor air sampling data were several orders of magnitude 

lower than RWQCB ESLs for soil gas.  However, two soil gas sampling points at the west end of 

Building 76 contained elevated levels of PCE (maximum concentration 4,200 µg/m3) that exceed  

the ESL (1,400 µg/m3).

Presence of DNAPL

Maximum concentrations of COCs detected in soil samples collected in the Building 76 

Groundwater Solvent Plume area are substantially lower than the soil saturation concentrations 

shown in Table 4.2.2-1.  Similarly, concentrations of COCs in groundwater are very low relative 

to their solubilities and effective volubilities.  These comparisons do not provide any evidence 

for the presence of DNAPLs.
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4.3.8.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants for the Building 76 Groundwater Solvent Plume:  

There is no evidence suggesting the presence of DNAPL at the unit.

Groundwater flows primarily through surficial units and low permeability rocks of 
the Orinda Formation at velocities estimated to be approximately 18 feet per year or 
greater.

Due to the relatively low permeability of the Orinda Formation, well yields are less 
than 200 gpd, so target risk-based MCSs are applicable. 

No data are available to assess whether natural degradation of COCs is occurring. 

Concentrations of COCs are at levels several orders of magnitude lower than target 
risk-based MCSs.

4.3.8.3 Evaluation of Retained Corrective Measures Alternatives 

Groundwater well yields at the unit are substantially less than 200 gpd and therefore only 

target risk-based MCSs are applicable.  Since COC concentrations are several orders-of-

magnitude less than target risk-based MCSs (Table 4.3.8-1) no action is required to attain MCSs.

No migration of COCs beyond the plume margins is occurring, so migration control is not a 

concern.  Therefore, No Further Action is recommended for the Building 76 Area of 

Groundwater Contamination.  Since MCSs have been achieved, no comprehensive evaluation of 

other corrective measures alternatives was completed for this unit. 
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4.3.9 Building 77 Area of Groundwater Contamination  

The location of the Building 77 Area of Groundwater Contamination is shown on Figure 

4.3.7-1.  The Building 77 Sanitary Sewer System (AOC 5-4) was considered the most likely source 

of the groundwater contamination, based on its location relative to the contamination.  Soil and 

soil-gas sampling conducted along the sewer line, however, could not identify a source area.  

4.3.9.1 Current Conditions 

Geology and Hydrogeology

Prior to development of the site, the topography of the Building 77 area was generally 

dominated by relatively steep southward facing slopes.  Chicken Creek Canyon, a major north-

south-trending drainage course, and its tributaries, bisected the area and flowed beneath the 

current location of Building 77.  During development, hillside cuts and canyon filling resulted in 

placement of up to 45 feet of artificial fill within the canyon, creating the relatively flat site on 

which Building 77 is located.  The creek has been diverted into stormdrains and emerges just 

downslope from the road south of Building 77.  

Bedrock in the Building 77 area consists of nonmarine claystone, siltstone, and fine-

grained sandstones of the Orinda Formation.  Several feet of colluvium overlie the bedrock at the 

base of the former tributary of Chicken Creek.  Approximately 40 to 45 feet of fill overlies the 

colluvium or directly overlies the bedrock where the colluvium is not present.

Shallow groundwater in the Building 77A area is present in both the Orinda Formation 

and the surficial units (i.e., alluvium, colluvium, and artificial fill).  Depth to groundwater is 

approximately 40 feet to 45 feet bgs.  Assuming a hydraulic conductivity value (K) of 4 x 10-9

meters per second for the Orinda Formation (estimated from slug tests south of Building 77) and 

an estimated effective porosity (ne) of 0.1, Darcy’s law (vx = K/ne x dh/dl) indicates that the 

average linear groundwater velocity (vx) would be approximately 0.4 meters per year (1.5 feet 

per year) near the southwest end of Building 77.  As shown on Figure 4.3.7-1, yields from wells 

in this area are less than 200 gpd. 
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Groundwater Contamination

The principal Building 77 Area of Groundwater Contamination constituents are 

degradation products of halogenated non-aromatic VOCs that were used as cleaning solvents, 

including cis-1,2-DCE, trans-1,2-DCE, 1,1-DCE, and 1,1-DCA.  Chemicals detected in the 

groundwater at concentrations above MCLs in FY03 are listed in Table 4.3.9-1 where the 

maximum detected concentrations are compared to the target risk-based MCSs.  None of the 

COCs was detected at a concentration exceeding the target risk-based MCS.    

Table 4.3.9-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the in 
the Building 77 Area of Groundwater Contamination 

COC Maximum
Concentration

Detected in 
Groundwater in FY03 

( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-
Based

Groundwater 
MCS
( g/L)

cis-1,2-DCE
PCE

6.1
9.5(a)

6
5

98,405 
343

 (a)Except for an anomalous detection of PCE in August 2003, which was attributed to cross contamination during sampling, 
concentrations of PCE in MW91-2 have been 1 µg/L or less since 1996.

The lateral extent of contamination appears to be confined to a small area at the 

southwest corner of Building 77 near MW91-2.  Contaminants have not been detected in 

downgradient, upgradient, or crossgradient wells.  Based on the low hydraulic conductivity of 

the Orinda Formation, the vertical extent of contamination is likely restricted to the fill and the 

upper few feet of the Orinda Formation. 

Groundwater COC Trends

The variations in the concentrations of halogenated VOCs detected MW91-2 over time 

are shown on Figure 4.3.9-1.  Concentrations of both total VOCs and the individual chemicals 

detected in MW91-2 have consistently declined since 1992, with concentrations decreasing to 

levels below MCLs (trans-1,2-DCE, 1,2-DCE, and 1,1-DCA); or ranging from slightly above to 

below MCLs (cis-1,2-DCE).   
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The presence of degradation products and the observed decreases in VOC concentrations 

strongly suggest that natural degradation is occurring and that concentrations of COCs will 

continue to decline.  Cis-1,2-DCE, trans-1,2-DCE, and possibly 1,1-DCE are probably present as 

the result of biodegradation of PCE and/or TCE.  The presence of 1,1-DCA, and possibly 1,1-

DCE, is probably the result of biodegradation of 1,1,1-TCA. 

Soil Contamination

In 1996, five shallow soil-gas probes were installed inside the southwest wall of Building 

77 to help identify the source of the groundwater contamination.  No source area was indicated 

since only low levels of photoionizable compounds were detected.   

Presence of DNAPL

Maximum concentrations of COCs detected in soil samples collected in the Building 77 

Area of Groundwater Contamination are substantially lower than the soil saturation 

concentrations shown in Table 4.2.2-1.  Similarly, concentrations of COCs in groundwater are 

very low relative to their solubilities and effective volubilities.  These comparisons do not 

provide any evidence for the presence of DNAPLs.  The absence of DNAPLs is further 

substantiated by the decline in concentrations of both total and individual halogenated VOCs in 

the groundwater. 

4.3.9.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants for the Building 77 Area of Groundwater 

Contamination: 

There is no evidence suggesting the presence of DNAPL or of residual soil 
contamination at levels likely to leach into groundwater.

Groundwater flows primarily through surficial units and low permeability rocks of 
the Orinda Formation at velocities estimated to be approximately 1.5 feet per year.   

Due to the relatively low permeability of the Orinda Formation, well yields are less 
than 200 gpd, so target risk-based MCSs are applicable. 

Declining concentration trends and the presence of degradation products indicate that 
natural attenuation of COCs is occurring at the unit. 
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Concentrations of COCs are several orders of magnitude less than target risk-based 
MCSs.  Concentrations of COCs have declined to levels below or only slightly above 
MCLs, with all concentrations below MCLs some quarters.   

4.3.9.3 Evaluation of Retained Corrective Measures Alternatives 

Groundwater well yield at the unit is less than 200 gpd and therefore, only target risk-based 

MCSs are applicable.  The groundwater concentration data indicate that natural attenuation processes 

have been effective in reducing concentrations of COCs in the Building 77 area to several orders-of-

magnitude below target risk-based MCSs and also below MCLs.  Concentrations of the four VOCs 

consistently detected, trans-1,2-DCE, 1,2-DCE, cis-1,2-DCE, and 1,1-DCA, were below MCLs three 

of the five quarters MW91-2 was sampled from September 2001 through August 2003.  No 

migration of COCs beyond the plume margins is occurring, so migration control is not a concern for 

the unit.  Therefore, No Further Action is recommended for the Building 77 Area of Groundwater 

Contamination.  Since MCSs have been achieved, no comprehensive evaluation of the other 

corrective measures alternatives was completed for this unit.



(Draft) RCRA CMS Report  184 July 2004

4.3.10 Building 75/75A Area of Groundwater Contamination 

There are two relatively small areas where halogenated VOCs have been detected in the 

groundwater near Buildings 75 and 75A (Figure 4.3.7-1).  The first area extends southward from 

the east side of Building 75A toward Building 75.  The second area is located between Building 

75 and 75A.  The two areas may commingle near the northeast corner of Building 75.  

Collectively these areas have been designated the Building 75/75A Area of Groundwater 

Contamination.  The different suites of chemicals detected in groundwater east and south of 

Building 75A indicate separate sources for the contamination.  The contamination may be related 

to operations of the Building 75 Former Hazardous Waste Handling and Storage Facility; 

however, the source has not been confirmed since only relatively low concentrations of COCs 

have been detected in the soil in the area. 

4.3.10.1 Current Conditions 

Geology and Hydrogeology

The main bedrock unit that underlies the Building 75/75A area is the Orinda Formation, 

which consists of nonmarine siltstones and fine-grained sandstones.  Overlying the bedrock is 

approximately 20 feet of colluvium, consisting of clay, which is in turn overlain by 

approximately 12 feet of sandy-clay fill material.   

Depth to groundwater varies from approximately 15 to 28 feet bgs.  Assuming a 

hydraulic conductivity value (K) of 4 x 10-7 meters per second for the Orinda Formation 

(estimated from a slug test in MW75-98-15) and an estimated effective porosity (ne) of 0.1, 

Darcy’s law (vx = K/ne x dh/dl) indicates that the average linear groundwater velocity (vx) would 

be approximately 9 meters per year (30 feet per year) in the Building 75/75A area.  As shown on 

Figure 4.3.7-1, yields from wells in this area are all less than 200 gpd. 
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Groundwater Contamination

The principal Building 75/75A Area of Groundwater Contamination constituents are 

halogenated non-aromatic VOCs that were used as cleaning solvents, including TCE and 

degradation products (e.g. 1,1-DCE, and cis-1,2-DCE).  Chemicals detected in the groundwater 

at concentrations above MCLs in FY03 are listed in Table 4.3.10-1 where the maximum 

detected concentrations are compared to the target risk-based MCSs.  None of the COCs was 

detected at a concentration exceeding the target risk-based MCS.

Table 4.3.10-1. Maximum Concentrations of COCs Exceeding MCLs in FY03 in the
Building 75/75A Area of Groundwater Contamination 

COC Maximum
Concentration Detected 

in Groundwater in 
FY03
( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater MCS 

( g/L)

Contamination East of Building 75A 
TCE
cis-1,2-DCE

16.0
52

5
6

1,594 
98,405 

PCE 15.2(a) 5 343 
Contamination South of Building 75A 

PCE 46(a) 5 343 
(a) Anomalous detections of PCE and TCE in 2003 may have been the result of cross contamination during sampling.  

PCE has generally not been detected in wells in this area

The upgradient and transgradient extent of the groundwater contamination is 

characterized by the absence of COCs in monitoring wells to the north and west of Building 

75A, and wells further east and southeast of the unit (Figure 4.3.7-1).  Based on the low 

hydraulic conductivity of the Orinda Formation, the vertical extent of contamination is likely 

restricted to the fill and the upper few feet of the Orinda Formation. 

Groundwater COC Trends

Concentrations of cis-1,2-DCE have declined somewhat in MW75-96-20, while 

concentrations in SB75-02-1 appear to be increasing.  Both of these wells monitor the area of 
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groundwater contamination east of building 75A.  The relatively high concentration of cis-1,2-

DCE in SB75-02-1 suggests that biodegradation of PCE and/or TCE is occurring.   

Soil Contamination

Halogenated VOCs were detected in soil samples collected between Building 75 and 

Building 75A in 1997 during closure activities associated with the former Building 75 Former 

Hazardous Waste Handling Facility, and in 2002 east of Building 75A as part of a groundwater 

contamination source investigation.  Maximum concentrations of COCs detected are listed in 

Table 4.3.10-2.  All concentrations are well below the target risk-based MCSs.  Regulatory-

based MCSs for soil are not applicable since well yields are less than 200 gpd.

Table 4.3.10-2. Maximum Concentration of VOCs Detected in Soil Samples, 
Building in the 75/75A Area of Groundwater Contamination. 

COC Maximum Concentration  

(mg/kg)

Target Risk-Based 
MCS

(mg/kg)

PCE 0.31 0.45 
TCE 0.061 2.3 
cis-1,2-DCE 0.43 38 
trans-1,2-DCE 0.021 50 
1,1,1-TCA 0.015 690 
1,1-DCE 0.006 8 
Methylene chloride 0.02 1.8 

The maximum concentrations of the detected VOCs were generally found in the samples 

collected east of Building 75A.  This is the location that is considered the primary source area for 

the VOCs detected in the groundwater east of the building. 

Presence of DNAPL

Maximum concentrations of COCs detected in soil samples collected in the Building 

75/75 Area of Groundwater Contamination are substantially lower than the soil saturation 

concentrations shown in Table 4.2.2-1, .  Similarly, concentrations of COCs in groundwater are 
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very low relative to their solubilities and effective volubilities.  These comparisons do not 

provide any evidence for the presence of DNAPLs.

4.3.10.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing the 

distribution and fate of contaminants for the Building 75/75A Area of Groundwater Contamination: 

There is no evidence suggesting the presence of DNAPL. 

Groundwater flows primarily through surficial units and low permeability rocks of 
the Orinda Formation at velocities estimated to be approximately 30 feet per year.   

Due to the relatively low permeability of the Orinda Formation, well yields are less 
than 200 gpd, so target risk-based MCSs are applicable. 

The presence of degradation products indicate that natural attenuation of COCs is 
occurring at the unit. 

Concentrations of COCs in groundwater are several orders of magnitude less than 
target risk-based MCSs.

4.3.10.3 Evaluation of Retained Corrective Measures Alternatives 

Groundwater well yields at the unit are substantially less than 200 gpd.  Therefore, only 

target risk-based MCSs are applicable, and COC concentrations are all several orders-of-

magnitude less than target risk-based MCSs (Table 4.3.10-1).   No migration of COCs beyond 

the plume margins is occurring, so migration control is not a concern.  Therefore, No Further 

Action is recommended for the Building 75/75A Area of Groundwater Contamination.  Since 

MCSs have been achieved, no comprehensive evaluation of other corrective measures 

alternatives was completed for this unit. 
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4.3.11 Benzene Detected in Groundwater in Wells East of Building 75A 

Benzene has been detected in two relatively deep monitoring wells (MW91-4 and 

MW75A-00-7) on the east side of Building 75A.  The locations of the wells are shown on Figure 

4.3.7-1.  The wells are screened within the Orinda Formation from approximately 115 to 145 feet 

below ground surface.  The source of the benzene is not known; however, given the fact that 

benzene has also been detected in other deep wells screened in the Orinda Formation, there is a 

possibility that the benzene could be naturally occurring.

4.3.11.1 Current Conditions 

Geology and Hydrogeology

The main bedrock unit that underlies the Building 75/75A area is the Orinda Formation, 

which consists of nonmarine siltstones and fine-grained sandstones.  Overlying the bedrock is 

approximately 20 feet of colluvium, consisting of clay, which is in turn overlain by 

approximately 12 feet of sandy-clay fill material.   

Depth to groundwater varies from approximately 15 to 28 feet bgs.  Assuming a hydraulic 

conductivity value (K) of 4 x 10-7 meters per second for the Orinda Formation (estimated from a slug 

test in MW75-98-15) and an estimated effective porosity (ne) of 0.1, Darcy’s law (vx = K/ne x dh/dl) 

indicates that the average linear groundwater velocity for the shallower section of the Orinda 

Formation (vx) would be approximately 9 meters per year (30 feet per year) in the Building 75/75A 

area.  The velocity in the deeper section where the benzene has been detected would be much less.  

Well yields from both MW91-4 and MW75A-00-7 are much less than 200 gpd and therefore risk-

based MCSs are applicable.   

Groundwater Contamination

Benzene has been detected in MW91-4 and MW75A-00-7 most quarters the wells have 

been sampled.  Benzene is generally the only VOC detected in either well.  Benzene has not been 

detected in two monitoring wells (MW75-99-7 and MW75-96-20), which are within approximately 

14 feet of the deeper wells, but screened above a depth of 50 feet.  The maximum concentration of 
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benzene detected in each well in FY03 is listed in Table 4.3.11-1 where the maximum detected 

concentrations are compared to the target risk-based MCS.  Benzene has not been detected at a 

concentration above the target risk-based MCS. 

Table 4.3.11-1. Maximum Concentrations of Benzene Detected in Groundwater in FY03 
in the Building 75A Area  

Well Number Maximum
Concentration Detected 

in Groundwater in 
FY03
( g/L)

Maximum
Contaminant
Level (MCL) 

( g/L)

Target Risk-Based 
Groundwater 

MCS

( g/L)
MW91-4
MW75A-00-7 

11
47

1
1

175
175

Groundwater COC Trends

The detected concentration of benzene in MW91-4 has ranged from 3.6 g/L to 98 g/L, 

with no apparent trend in the data.  Concentrations in MW75A-00-7 have ranged from 10 and 47 

µg/L, also with no apparent trend in the data.

Soil Contamination

The only location where benzene has been detected in soil samples near Building 75A 

was at a depth of 140 feet at MW75A-00-7.   

Presence of DNAPL

The concentration of benzene in groundwater is very low relative to its solubility and 

effective volubility, providing no evidence for the presence of DNAPL.  

4.3.11.2 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants for the Benzene Detected in Two Wells East of 

Building 75A: 
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There is no evidence suggesting the presence of DNAPL. 

 Groundwater wells in which the benzene has been detected yield less than 200 gpd, 
so target risk-based MCSs are applicable. 

4.3.11.3 Evaluation of Retained Corrective Measures Alternatives 

Groundwater well yields at the unit are substantially less than 200 gpd.  Therefore, only 

target risk-based MCSs are applicable, and benzene concentrations are several orders-of-

magnitude less than target risk-based MCS (Table 4.3.11-1).  Therefore, No Further Action is 

recommended for the Benzene Detected in Groundwater in Two Wells East of Building 75A.  

Since MCSs have been achieved, no comprehensive evaluation of other corrective measures 

alternatives was completed for this unit. 
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SECTION 5 

DEVELOPMENT OF CORRECTIVE MEASURES FOR 
POLYCHLORINATED BIPHENYLS (PCBs) 

 The primary COCs present at two Berkeley Lab units are polychlorinated biphenyls 

(PCBs).  These chemicals were primarily present as components of oils that were used in pumps 

and electrical devices at Berkeley Lab.  PCBs are not COCs at any groundwater units.  The soil 

units at which PCBs are COCs are: 

Building 88 Hydraulic Gate Unit (AOC 6-3) 

Building 75 Former Hazardous Waste Handling and Storage Facility (SWMU 3-6) 

5.1 MEDIA CLEANUP STANDARDS FOR PCBs 

Risk and Regulatory-Based MCS

On June 29, 1998, the Disposal Amendments to the Toxic Substances Control Act 

(TSCA) (dubbed the Megarule by industry) were published in the Federal Register (63 FR 3584).  

The Megarule provides cleanup options for PCBs in bulk remediation waste, including soil.  The 

self-implementing cleanup level (i.e., the ‘‘walk-away’’ level) for soil in “high occupancy” areas 

is 1 part per million (ppm), or 10 ppm if the soil is capped (40 CFR §761.61(a)(4)(i)(A).  The 

codified text uses (ppm) for concentration measurement of non-liquids as an equivalent to 

milligrams per kilogram (mg/kg).  The TSCA cleanup level is based on an evaluation of potential 

risk assuming an unprotected exposure 24 hours a day, 7 days a week, and 50 weeks per year for 

the “high occupancy” scenario.

To ensure that the TSCA cleanup level addressed risks calculated for Berkeley Lab units, 

risks associated with pathways identified for the Berkeley Lab HHRA were examined.  Table 

5.1-1 lists estimates of the lowest soil PCB concentrations for any PCB Aroclor that would result 

in a theoretical ILCR of 10-6 or an HI equal to 1.0 for these critical pathways and receptors, using 

the same methodology as was used in the HHRA (Berkeley Lab, 2003a).  The minimum soil 
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PCB concentration that met this criterion was 0.8 mg/kg, only slightly below the TSCA cleanup 

level.  Since PCB-contaminated soil at Berkeley Lab consists of a mixture of Aroclors, this slight 

discrepancy would not result in risks exceeding the USEPA target risk range.   

Table 5.1-1.  Derivation of Risk-Based Target MCS for PCBs in Soil 

Receptor Theoretical ILCR or HI PCB Concentration 
Landscape Maintenance Worker Theoretical ILCR=1x10-6 0.8 mg/kg 
 Hazard Index=1 1.2 mg/kg 
Construction Worker Theoretical ILCR=1x10-6 31.8 mg/kg 
 Hazard Index=1 1.8 mg/kg 

 To assess whether the TSCA cleanup level could potentially result in impacts to 

groundwater, it was compared to the groundwater protection component of the RWQCB 

Environmental Screening Levels (RWQCB, 2003).  That component is 6.3 mg/kg for all 

Aroclors, indicating that the 1 mg/kg TSCA level is protective of groundwater. 

Proposed MCS for PCBs and Points of Compliance

The proposed MCS for PCBs in soil is 1 mg/kg, the self-implementing cleanup level for 

soil in “high” occupancy areas under TSCA.  Post-remediation confirmation soil samples were 

collected to verify compliance with the self-implementing cleanup level.  

5.2 SELECTION AND EVALUATION OF CORRECTIVE 
MEASURES ALTERNATIVES FOR PCBs IN SOIL 

Subsequent to completion of the Berkeley Lab HHRA, which identified the two units for 

which PCBs are the COCs, Berkeley Lab conducted ICMs that resulted in reduction of residual 

PCB concentrations to less than the proposed MCS of 1 mg/kg at both the Building 88 Hydraulic 

Gate Unit and the Building 75 Former hazardous Waste Handling and Storage Facility.  For this 

reason, no further evaluations of corrective measures alternatives are needed.  A description of 

the two units, including the ICMS that were conducted, is provided in the following sections. 
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5.3 BUILDING 88 HYDRAULIC GATE UNIT (AOC 6-3) 

The 88-Inch Cyclotron located in Building 88 is operated as a national facility in support of 

DOE programs in basic nuclear science.  The central component is a sector-focused, variable-

energy cyclotron that produces heavy-ion beams of elements throughout the periodic table.  A 

hydraulic pump in Room 181 of Building 88 is used to operate the building's hydraulic main vault 

doors.  The pump has probably been used since the building was constructed in 1960.  A PCB-

containing oil was used in the pump from 1962 to 1976.  The oil was changed to a non-PCB oil in 

1976.  During the RFA, an oil stain approximately 10 feet long was observed on the concrete floor 

around the pump.  The stain was probably the result of occasional drips of oil from the pump over 

the period of pump operation.  Cleanup of the PCB stain and retrofilling and cleaning of the pump 

were conducted in 1991.  The location of the hydraulic gate pump is shown on Figure 5.3-1.

5.3.1 Physiography and Geology 

Building 88 is constructed on a bench cut into a steep westward and northwestward 

facing slope.  The northwestward facing slope forms the south side of Blackberry Canyon, 

through which the North Fork of Strawberry Creek flows.  The bedrock underlying Building 88 

consists of northerly dipping marine mudstones, sandstones, and shales of the Great Valley 

Group.  Bedrock is present at relatively shallow depths (within approximately 2 feet at some 

locations) under the building.  Colluvium is present in scattered locations around Building 88, 

with the thickest deposit (approximately 25-feet thick) on the slope above the north end of 

Building 88.  Depth to groundwater ranges from approximately 40 feet at the north end of 

Building 88 to more than 100 feet at the south end.  

5.3.2 Contamination 

Soil Contamination

Initial soil samples collected during the RFI from beneath the concrete floor near the 

hydraulic gate pump contained PCBs (10,000 mg/kg maximum concentration) and oil & grease 

(28,000 mg/kg maximum concentration).  An ICM was conducted in February 1995, in which 

the concrete floor slab was removed from an area of approximately 12 square feet near the pump 
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(Figure 5.3-1), and additional soil samples were collected.  Accessible contaminated sand was 

removed and the concrete slab was repaired.  Additional samples were subsequently collected to 

assess the lateral extent of contamination, and indicated the presence of PCB concentrations of 

several thousand mg/kg, primarily in the base sand beneath the concrete, in an area extending 

from the pump area toward the southwest (Figure 5.3-1), where excavation could not be 

conducted because the presence of numerous subsurface live electrical utility lines restricted 

access to the contaminated soil.  The HHRA indicated potential risks to human health based on 

the residual PCB concentrations. 

In June and July 2004, a temporary shutdown of Building 88 operations allowed 

rerouting of electrical utility lines in the area of contaminated soil.  After rerouting these lines, a 

second ICM was conducted that consisted of removal of PCB-contaminated soil to depths of up 

to 11.5 feet.  Confirmation sample results from the ICM excavation had PCB concentrations less 

than the 1 mg/kg MCS except for two adjacent samples near the southern corner of the 

excavation.  Three samples subsequently collected from within 1 foot of this location contained 

less than 1 mg/kg PCBs.  An additional 0.5 feet of soil was then excavated from the area 

containing more than 1 mg/kg PCBs.  The ICM excavation area and analytical results for 

confirmation samples are shown on Figure 5.3-2.

Groundwater Contamination

Groundwater monitoring well MW88-93-13, which is located at the southwest corner of 

Building 88, was sampled for PCBs in 2000.  No PCBs were detected. 

5.3.3 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants in the Building 88 Hydraulic Gate Unit: 

The only COCs were PCBs 

No PCBs have been detected in groundwater, so soil is the only media of concern. 

ICMs that removed PCB-contaminated soil have reduced PCB concentrations in 
residual soil to levels below the 1 mg/kg MCS. 
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Evaluation of Retained Corrective Measures Alternatives

No Further Action is recommended for the Building 88 Hydraulic Gate unit.  Since MCSs 

have been achieved, no comprehensive evaluation of the other corrective measures alternatives was 

completed for this unit.   

5.4 BUILDING 75 FORMER HAZARDOUS WASTE HANDLING 
AND STORAGE FACILITY (SWMU 3-6) 

 The former Hazardous Waste Handling Facility (HWHF) at Building 75 was used from 

about 1962 until 1998 to store wastes generated at Berkeley Lab, pending disposal offsite (Figure 

5.4-1).  Wastes included waste oils (both PCB-containing and non-PCB-containing), asbestos, 

acids, tritium, chlorides, nitrites, organic and inorganic solvents, empty hazardous chemical or 

waste drums, and other materials.  The facility was also used to handle, store, package, and solidify 

radioactive waste.  During operation, drums containing waste acids were kept on pallets with 

secondary containment.  Lockers within the area were used for storing hazardous materials on 

shelves.  PCB-containing oils were stored within a diked, fenced area outside the building. 

 A closure investigation conducted during 1997 and 1998 resulted in closure certification 

for the facility from the DTSC in July 1998, conditional on the unit being included in the 

Corrective Measures Study Process.  Numerous soil samples were collected from borings drilled 

both inside the boundaries of the former HWHF and immediately outside its perimeter.  An ICM 

has been conducted at the unit that consisted of excavating soil with concentrations of PCBs above 

1 mg/kg from the “J pad” area west of Building 75A.  

5.4.1 Physiography and Geology 

Prior to development of the site, the Building 75 area was situated on the west edge of  

Chicken Creek Canyon, a major north-south-trending drainage course, which flowed downslope 

towards Building 77.  During development, hillside cuts and canyon filling resulted in placement 

of artificial fill from 25 to 50 feet thick within the canyon in the vicinity of Building 69A.  This 

created the relatively flat site on which Building 75 and adjacent buildings and parking areas are 

currently located.  Artificial fill is absent just west of Building 75 and thickens eastwards 

towards the former canyon.  The main bedrock unit underlying the artificial fill and colluvium in 
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the Building 75 area is the Orinda Formation, which consists of nonmarine siltstones and fine-

grained sandstones.  The Orinda Formation is overlain in the area upslope from Building 75 by 

volcanic rocks of the Moraga Formation.   

Shallow groundwater in the Building 75 area is present in both the Orinda Formation and 

the surficial units (i.e., alluvium, colluvium, and artificial fill and the groundwater flows 

generally southeastwards. 

5.4.2 Contamination 

Soil Contamination

 The principal contaminants in soil at the unit were PCBs (in association with crude/waste 

oil), which were detected primarily the vicinity of the “J pad” west of Building 75A and at the 

southeast corner of Building 75A.  Several other site COCs (1,1,1-TCA, 1,1-DCE, cis-1,2-DCE, 

methylene chloride, PCE and TCE) were detected sporadically at the unit, but are only present at 

concentrations less than MCSs and, as described in the HHRA, were only present at 

concentrations below de minimus risk levels.  Therefore, these chemicals are not considered to 

be COCs for this unit. 

 A series of ICMs were conducted in the PCB-contaminated areas in the Building 75 area.  

These ICMs were completed subsequent to completion of the HHRA.  The ICMs consisted of 

removal and offsite disposal of soil containing PCBs at concentrations exceeding the 1 mg/kg 

MCS.  The excavation areas and analytical results for both confirmation samples and samples from 

borings drilled adjacent to the ICM excavations are shown on Figure 5.4-1.

Groundwater Contamination

PCBs have not been detected in groundwater in the vicinity of Building 75. 

5.4.3 Conceptual Model 

The information given above is the basis for the following conceptual model describing 

the distribution and fate of contaminants for the Building 75 Former HWHF: 
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The only COCs are PCBs 

No PCBs have been detected in groundwater, so soil is the only media of concern.   

ICMs that removed PCB-contaminated soil have reduced PCB concentrations in 
residual soil to levels below the 1 mg/kg MCS.     

5.4.4 Evaluation of Retained Corrective Measures Alternatives 

No Further Action is recommended for the Building 75 Former HWHF.  Since MCSs have 

been achieved, no comprehensive evaluation of the other corrective measures alternatives was 

completed for this unit.   
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SECTION 6 

COST ANALYSES 

Cost estimates to achieve both risk-based cleanup levels and cleanup levels based on 

protection of potential future drinking water sources are provided in Table 6.1 for each soil and 

groundwater unit.  Although the target  risk-based MCS has been set at the 10-6 theoretical ILCR 

level, estimated costs for cleanup to the 10-4 and 10-5 levels are also provided for comparison.  

Where cleanup protective of potential drinking water sources is not required, cost is shown as $0; 

however, risk-based cleanup and the associated costs shown will still be required for those areas.  

In addition, the incremental costs associated with controlling migration of contaminated 

groundwater are also provided, where applicable.  These regulatory compliance costs are 

associated with the SWRCB non-degradation policy under the Porter-Cologne Water Quality 

Control Act.  However, although these costs are indicated under regulatory compliance, if 

current migration control measures were terminated, there could also be a potential risk to the 

environment.  The total costs for conducting recommended corrective measures are based on 

risk-based cleanup using a 10-6 theoretical ILCR level, cleanup to MCLs in areas where 

protection of potential future drinking water sources is applicable (i.e., well yields > 200 gpd), 

and the costs of continued migration control. 
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